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PRETACE 


This  raport  describe*  an  anelj'tlcal  and  experimental  invest ifsit Ion  or 
rigid  rotor  dynaadcs  conducted  with  the  cooperation  of  the  HASA  Langley 
^••Mreh  Canter  by  the  Lockheed«Callfomla  Coaqiany.  The  pruspem  was 
sponsored  by  the  U.S.  Army  Transportation  Research  Coa»nd,  Port  Eustls, 
Virginia,  under  the  technical  monitorshlp  of  Msssrs.  J.E.  Yeates  and 
R.D.  Powell. 

The  prograe  bepm  in  April  19te  and  was  completed  In  June  19^3.  NASA 
personnel  associated  with  the  progran  included  Messrs.  F.  Gustafson, 

J*  Ward,  R.  Houston,  and  R.  Beruiett.  The  Lockheed  personnel  includ^ 
Messrs.  I.  Culver,  L.  Cslnlksr,  T.  Hanson,  J.  Kanno,  S.  Lundgren, 

R.  Donhae,  and  S.  Kiser.  The  Lockheed  poi^lon  of  the  prcgram  was 
directed  by  Ifc*.  P.W,  Theriault.  Assistant  Chief  Engineer,  Advanced 
Systems  Rsssarch. 

Thanks  ars  due  to  TREOOM  and  the  RASA  Langley  Research  Center  for  their 
support  In  providing  the  wind  tunnel  facilities  for  the  experimental 
parts  of  the  program  and  for  their  help  and  advice  in  planning  and  con¬ 
ducting  the  progimm. 
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This  report  describes  an  Investigation  of  the  effects  of  variations  In 
design  parameters  on  the  dynsLzolc  characteristics  of  cantilevar  blade 
or  "rigid"  rotors. 

Some  fundamental  concepts  of  rigid  rotor  dynauilcs  Including  decoupling 
are  presented,  a.i  veil  as  a  10-degree-cf-freedon  rotor  stability  analy¬ 
sis  In  hovering  and  a  brief  study  of  the  static  stability  of  the  model. 

A  dynamic  helicopter  wind  tunnel  model  having  a  10-foot  rotor  diameter 
was  constructed  with  three  sets  of  blades  and  a  hub  which  allowed  aany 
variations  In  geometry  and  stiffness.  Seven  rotor  configurations  were 
tested  in  the  NASA  Langley  F\xll  Scale  Tunnel  (FST),  and  two  of  these 
were  tested  to  higher  speeds  and  full  scale  Reynolds  n<iober  and  Mach 
number  in  the  NASA  Langley  Transonic  Dynamics  Tunnel  (TDT). 

The  model  and  rotors  and  the  testing  technique  are  described,  and  all 
the  data  collected  are  Included.  Only  th^se  portions  of  the  data  which 
appeared  to  be  of  particular  interest  are  reduced  and  presented. 

A  principal  focus  of  the  program  was  the  decoupled,  or  "matched  blade", 
type  of  rigid  rotor.  It  was  demonstrated  to  simulated  air  speeds  on 
the  order  of  2Uo  miles  per  hour  that  this  type  of  rotor  is  stable  wit’ 
extremely  snail  values  of  control  gyro  inertia.  In  addition.  It  %«s 
found  that  bleule  matching  has  a  ma.'or  influence  on  chordwlee  oscillating 
blade  loads.  Figures  1  and  2  show  that  first  (cantilever  bending)  mode 
matched  blade  chord,  loads  ax^  about  one-third  as  large  as  those  for 
coupled  or  chord-stiff  bleuies  and  that  chord  loads  for  all-mode-matched 
blades  are  only  about  one-tenth  as  great  as  for  coupled  blades.  These 
approximate  ratios  apply  over  the  entire  range  of  forward  velocities 
tested.  The  alphabetic  designations  on  these  figures  are  the  test  con¬ 
figuration  identifications. 
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FIGURE  1  DRAG  LINK  LOAD  SUMM-VRY  CURVES 


DRAG  LINK  LOAD 
SCALED  TO  SIMULATED  VEHICLE 


(RESULTS  SCALED  FROM  TDT  TEST) 
NOTE:  FULL  SCALE  REYNOLDS  NUMBER  AND 
MACH  NUMBER  MATCHED 
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FIGURE  2  DRAG  LINK  LOAD  SUMMARY  CURVES 


MATCHED  BLADE  SYSTEMS 


IT.  COHCLUSTOffS  AlfD  RETOKWENE^TIONS 


ROTOR  LOADS 


Blade  drag  link  oscillating  loads  (chordvlse  bending  at  approxlDoately 
10  per  cent  radius)  are  susHarizcd  In  Figures  1  and  2.  ITiese  have 
been  scaled  for  the  slnulated  vehicle  froa  the  model  results  given  in 
Figures  31  and  33  for  the  configurations  listed  in  Tlable  3.  Page  59- 

Configurations  "A"  and  "B"  were  coupled  or  chord-stiff  rotors  with  0* 
twist  and  -8*  twist  respectively,  and  they  showed  the  highest  chord 
loads,  by  far,  of  all  the  configurations  tested.  Configuration  "E" 
was  the  fiberglass  blade  configuration  where  an  attempt  was  oade  to 
achieve  an  all-mode-aatched  or  decoupled  blade  by  imtchlcg  the  flap- 
wise  and  chordvlse  blade  stiffness,  Inch  by  inch,  along  the  span  of 
the  blade.  This  configuration  showed,  by  far,  the  lovers!  chord 
loads,  which  were  on  the  order  of  10  per  cent  as  large  as  for  the 
coupled  blades.  All  the  other  configurations  were  matched  only  In 
their  first  node  or  cantilever  bending  stiffness  by  the  Insertion  of  a 
soft  drag  link  at  the  root  of  sm  otherwise  chord-stiff  blade.  These 
f Irst-mode-natched  rotors  shoved  chord  lostds  about  one-third  as  large 
as  for  the  coupled  or  chord-stiff  blades  and  about  two  or  three  times 
larger  than  for  the  all-mode-aatched  blades.  Froa  this  It  can  be 
concluded  that  blade  matching.  Involving  reduced  chord  stiffness.  Is  a 
poverful  tool  for  reducing  the  chordvlse  loads  generated  In  the  blades 
(and  subsequently  fed  Into  the  helicopter). 

Blade -to- gyro  pitch  link  oscillating  lostds  (blade  root  feathering 
torsion)  are  stonMrlzed  In  Figures  32  and  33  for  the  configurations 
listed  In  Tkbls  3*  large  magnitude  of  the  oscillating  pitch  link 

load  (which  Is  primarily  a  steady  gyro  trim  moment  in  the  non-rotating 
part  of  the  control  system)  was  not  anticipated.  Examination  of  the 
oscillograph  records  shoved  a  phase  difference  of  about  90*  (^10*) 
between  the  point  of  maximal  link  load  and  the  point  of  saxlmum 
feathering  angle  asqplltude.  'nils  phasing  Indicated  that  the  load  was 
principally  a  feathering  friction  or  aerodynamic  dasqilng  type  of  load. 
Further  examination  of  the  records  showed  that  most  of  the  torque 
measured  at  the  pitch  link  was  also  present  In  the  blade  torsion 
maasiurement  at  radial  station  22  and  therefore  must  be  generated  In 
the  outboard  portion  of  the  blade.  Equation  28  of  Section  IV  gives 
the  blade  feathering  aerodynamic  daag>lng,  which  Is  shown  to  be  a 
function  of  blade  chord  to  the  third  power  and  tip  speed  to  the  second 
power.  The  results  obtained  when  utilizing  this  equation  to  calculate 
the  theoretical  first  harmonic  pitch  link  load  due  to  aerodynamic  damping 
are  shown  on  the  curves  of  Figure  6,  Page  25.  In  this  figure,  the  measured 
pitch  link  loads  are  co^psu^  to  the  theoretical  loads  due  to  aerodynamic 
damping  for  three  rotor  configurations,  and  It  Is  seen  that  most  of  the 
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pitch  lizik  load  la  aerodynamic  damping*  Additional  damping  due  to 
friction  In  the  feathering  bearings  or  In  the  rotatii^g  part  of  the 
control  system  would  tend  to  displace  the  theory  ciurves  vertically  into 
even  better  agreement  with  the  data.  Figure  6  also  shows  a  scatter 
band  for  data  from  the  same  con^ Ig'-iratlon  of  as  much  as  10  pounds. 

In  the  pitch  link  load  summary  curve  (Figure  32),  all  the  data  fall 
within  a  load  band  about  20  pounds  In  width.  From  Figure  6  it  could  be 
Inferred  that  10  pounds  of  this  band  could  be  data  scatter.  In  light 
of  the  above  situation,  It  can  oal>  be  concluded  that: 

1.  Most  of  the  link  loeul  Is  due  to  aerod^Tiainlc  damping  and  Is 
primarily  a  function  of  tip  speed  to  the  second  power  and  blade  chord 
cubed. 


2.  Slight  differences  between  pitch  link  loads  for  different 
configurations  could  have  been  data  scatter  due  to  slight  differences 
In  frictions,  etc. 

3.  All  data  fall  within  a  fairly  constant  width  band  and  there¬ 
fore  none  of  the  configuration  variations  caused  gross  charges  In  the 
basic  pitch  link  load  trend  with  velocity. 


MODEL  VIBRATION  LEVELS 


(Unfortunately,  velocity  pickups  of  ver^'  wide  fre^iuency  range  were  used 
to  measure  body  vibration  in  the  FST  tests.  These  Instruments  recorded 
a  great  deal  of  "hash"  or  vibration  at  very  high  fra^uencles.  A  major 
portion  of  this  "hash"  occurs  at  the  first  harmonic  of  the  rotational 
speed  of  the  synchronous  electric  motors.  This  "hash"  mokes  meaningful 
reduction  and  analysis  of  the  data  very  questionable.  Because  of  this, 
the  data  Is  presented  as  peok-to-peak  oscillations  In  velocity,  with  no 
attempt  to  sort  out  meaningful  harmonics.  The  problem  Is  cooqpounded  by 
the  Ir^xjsslbllity  of  achieving  the  sane  base  level  of  vibration  due  to 
rotor  unbalance  or  mol  track  on  seven  rotor  configurations  when  as  many 
f.s  three  configurations  were  run  In  one  day.  For  Instance,  the  glass 
blade  configuration  shows  high  vibration  levels  which  may  reflect 
nothing  more  than  the  difficulty  that  was  experienced  In  achieving  good 
track  with  a  set  of  blades  t^at  were  extiemely  soft  In  torsion.  In  the 
FST  tests,  the  body  lateral  was  the  only  vibration  pickup  which  shoved 
sufficient  difference  between  configuration  that  ary  meaningful  Inter¬ 
pretation  might  be  attenpted.  The  twisted  metal  mntehed  blade  config¬ 
uration  with  the  low  gyro  Inertia  showed  the  lowest  vibration.  At  10^ 
miles  per  hour,  the  various  matched,  twisted  blade  configurations 
showed  lower  vibration  than  the  chord-stiff  or  unmatched  rotors. 
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In  the  TDT,  acceleroosters  were  used  to  record  vibration  rathtr  than 
velocity  pickups  and  the  results  were  sonsvhat  laore  useful,  althou^ 
once  again  the  frequency  range  was  wider  than  necessary  and  sone  "hash" 
was  present.  Again  the  '^sh"  shows  strong  first  harmonic  content  of 
the  rotational  speed  of  the  synchronous  electric  motors.  Vibration 
levels  of  the  two  matched  blade  configurations  tested  In  the  TDT  are 
rather  high  In  hover,  perhaps  due  to  recirculation  and  wall  effects 
from  hovering  a  10-foot  rotor  In  a  l6-  .'y  x6-foot  cross  section.  The 
lateral  and  longitudinal.  ^-Ihration  levels  dropped  slightly  below  the 
hover  vibration  levels  at  100  miles  per  hour  and  came  back  up  to  hover 
vibration  level  at  about  lUo  miles  per  hour.  The  vertical  vibration 
was  at  hovering  level  up  to  100  miles  per  hour  snd  began  to  rise  ^ulte 
rapidly  thereafter. 

In  both  the  FST  and  TDT  tests,  the  second  flap  bending  frequencies  of 
the  rotor  blades  which  were  tested  were  near  3P.  This  proximity  In  a 
three-blade  rotor  system  Is  certain  to  result  In  higher  vibration 
levels  than  would  have  bee.,  measured  had  this  characteristic  been 
designed  out  of  the  rotor  system.  Plots  of  the  uncoupled  blade  bending 
fpciuenclos  versus  rotor  r.p.m.  are  given  on  pages  h6  and  h7.  However, 
since  vibration  in  a  helicopter  body  Is  sliiply  the  body  response  to  the 
oscillating  loads  generated  by  the  rotor,  It  can  be  assumed  that  reduc¬ 
tions  In  the  oscillating  loads  generated  by  the  rotor  should  yield  an 
Isprovement  In  helicopter  vibration  levels.  It  Is  believed,  therefore, 
that  the  substantial  reduction  In  oscillating  chord  loads  demonstrated 
by  the  matched  blade  rotor  configurations  represents  a  potential 
Isprovement  In  helicopter  vibration  levels. 

STABILiry 


The  stability  Investigation  of  the  model  In  the  freon  tunnel  presented 
In  Section  IV  was  conducted  as  a  safety  measure  for  the  wind  tunnel 
program  and  is  not  directly  applicable  to  the  stability  of  a  free  flit-dit 
vehicle.  The  free  flight  vehicle  will,  in  general,  be  more  stable  than 
the  wind  tunxMl  model.  The  model  was,  however,  demons  tinted  to  be 
stable  at  slrailated  air  speeds  up  to  2U0  miles  per  hoTir. 

The  dynamic  etebility  of  the  blade  gyro  cood)lnatlon  was  investigated 
analytically  and  ia  abown  in  Section  IV  to  be  satisfactory  with 
extremely  — values  of  gyro  Inertia  for  the  matched  blade  rotor. 

This  analysis  was  verified  experimentally  when  tests  to  2U0  miles  per 
hour  sinrilatr'd  air  speeds  with  very  small  gyro  Inertia  values  showed 
no  indication  of  any  instability. 
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RECOKWENDATIONC 


This  program  has  shovn  that  the  matched  blade  or  possibly  reduced  chord 
stiffness  type  of  rigid  rotor  has  substantially  lower  gyro  site  and 
much  lower  oscillating  chordwlse  loads  than  the  coupled  (or  chord-stiff) 
type  of  rigid  rotor.  The  inatchv.d  rotor  conf Igurat ions  tested  were  not 
optimum  or  even  near  optimum  designs  for  two  reasons.  First,  the 
requirement  for  many  t>'pe8  of  geometry  and  stiffness  variation  required 
rather  unusual  hub  and  blade  designs.  Second,  the  high  solidity  per 
blade  resulted  In  large  blade  chords  6ind  therefore  very'  large  aero¬ 
dynamic  control  forces,  A  practical  helicopter  of  such  high  solidity 
would  undoubtedly  utilize  a  larger  number  of  blades  of  smaller  chord. 
Lowering  the  chord  .quickly  reduces  the  level  of  bleule  stiffness  far 
below  those  tested  In  this  program. 

It  is  therefore  recomnended  th/  t  additional  test  work  be  undertaken 
with  a  matched  blade  configuration  using  an  optimized  production  type 
hub  sukI  bleule  design  with  a  radius  to  chord  ratio  on  the  order  of  1*^  in 
place  of  the  value  of  8  used  in  this  program.  Solidities  representative 
of  hlgh-sp^d  rotor  systems  would  then  be  achieved  with  addltloned. 
nu'oers  of  blades . 
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DflRODUCTION 


A  reTlval  of  Ictexvst  In  reevnt  /ears  In  the  uniqvie  capabilities  of  the 
"rigid”  or  cantilever  blade  rotor  has  created  a  need  for  a  better  under- 
standini’  of  the  dyruunics  of  this  tyre  of  rotor, 

Lockheed  has  been  conducting  a  continuous  program  of  analytical  Investi¬ 
gation  of  rigid  rotor  dynamics  since  19^S.  By  I96I,  a  considerable  body 
of  theory  had  been  developed  and  a  few  basic  configuration  ideas  had 
been  tested  on  the  Lockheed  CL-U75  test  bed  helicopter  in  hovering  and 
lov-speed  forward  flight.  Recognizing  the  high  costs  and  risks  involved 
in  exploratory  dynamic  testing  into  unknovn  areas  on  a  full-scale  flight 
vehicle,  Lockheed  proposed  to  the  U.S.  Amy  Transportation  Research 
Conuand  and  the  NASA  Aerospace  Hechanics  Division  a  Joint  program  of 
wind  tunnel  testing  of  a  10-foot-diaaeter  dynamic  model  of  a  rigid  rotor 
helicopter. 

A  broad  program  of  testing  vas  drawn  up  involving  hovering  testing  and 
"debugging”  of  the  model  at  Lockheed's  Burbank  plant,  testing  in  air  up 

to  sijailat''i  air  speeds  of  127  miles  T5er  hour  in  the  ’IA£A  Full  Scale 
Tunnel  at  Langley,  and  testing  to  full-scale  'Reynolds  and  ’lach  numbers 
at  air  speeds  up  to  230  miles  p>er  hour  by  use  of  the  Freon  atmosphere 
in  the  NASA  Transonic  rynamics  Tunnel  at  !.angley.  -'i 'mires  3  and  li  show 
installation  of  the  model  in  each  tu  nel.  Variations  in  the  following 
parameters  were  included  the  prorrar: 


a. 

Rub  flapping  stiffness 

b. 

Blade  first  mode  (cantilever) 

chord  stiffness 

c. 

Blade  chord  stiffness  distribution 

d. 

Blade  sweep  angle 

e. 

Control  gyro  inertia 

f. 

Load  factor 

8- 

Rotor  tip  si>eed 

h. 

Blade  twist 

i. 

Blade/gyro  mechnaieal  ratio 

’ariations  prwided  for  but  not  tested 

were; 

J. 

Oyro  cant  angle 

k. 

Tip  weight  mass 

Tte  IneluaiOD  of  thia  amount  of  variation  capability  in  one  basic  hub 
and  gyro  required  a  "meehano-aet”  approach  to  buildii^  up  the  various 
eoofiguxatioiia  and  resulted,  unfortunataly,  in  an  aarodyaamieally  rather 
"dirty*  (hl^  drag)  hub  area. 
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FiGinE  3  mddel  r:  ia: 


The  desire  to  cany  the  testing  into  areas  of  high  Mach  mirdser  and 
advance  ratios  dictated  a  rotor  solidly  of  *12. 

One  of  the  principal  areas  of  interest  in  the  program  was  the 
"matched  blade"  configuration  where  the  non-rotating  blade  chord 
stiffness  in  the  board  cf  the  feathering  bearinrs  is  equal  to  the 
flap  stiffness  in  the  same  area.  Analysis  has  shown  t>^t  this 
type  of  rigid  rotor  should  have  lower  oscillating  load  inputs  to  the 
hub,  thereby  resulting  in  lower  vibration  levels  and  lower  blane  strro 
stresses.  In  addition,  Jie  matched  blade  appeared  to  be  stable  with  a 
much  smaller  lyro,  thus  reducing  maneuver  control  forces  and  allowing 
an  aero<^ynanic  cl'^an-up  of  the  fyro.  Hovering  stability  solutions 
for  the  untwisted  metal  rotor  for  both  the  high  in-plane  and  matched 
blade  systems  with  various  gyro  sizes  piadict  this  smaller  gjxo  possi¬ 
bility,  These  results  are  published  in  reference  3.  V.'hirl  tower 
experience  with  the  CL~U7$  rotor,  a  high  in-plane  system,  had  shown 
a  lower  llMt  on  gyro  size  as  mij^t  be  expected  from  the  results  of 
the  referenced  analysis  (Figure  5).  The  construction  of  matched 
blades  also  appeared  to  offer  the  possibilities  of  greatly  reduced 
blade  weights. 


10 


TV 


AXALYTIC/J.  CONSIDERATIONS 


A  study  of  the  stability  and  control  characteristics  of  a  f ree - 
feathering  rigid  rotor  helicopter  must  consider  all  degroes  of  freedom 
Slaving  fi?e-iuencles  in  the  range  below  two  per  revolution.  The  ,x56sl- 
blllty  of  hlgh-fre  iuency  rotor  blade  flutter  Is  not  considered  here 
since  the  general  practice  of  mass  balancing  at  least  the  outboard  two- 
thirds  of  the  rotor  blade  at  or  near  the  iuarter  chord  virtually  ellro- 
Inates  this  from  further  consideration. 

The  fuselage,  control  g:.ro,  and  rotor  disc  make  up  a  convenient  concep- 
tuali  atlon  of  the  system.  The  fuselage  provl  ios  a  means  of  describing 
the  displacements  and  ^.^ailar  motions  of  the  helicopter  and  In  partic¬ 
ular,  for  the  case  of  static  behavior,  the  an^e  of  attack  of  the  heli¬ 
copter.  The  control  gyro  and  the  rotor  disc  provide  convenient  concep- 
tuallzatlors  of  the  feathering  notion  and  the  flapping  and  In-plane 
elastic  deformations  of  the  rotor  blades,  respectively.  Cyclic  flapping 
of  the  blades  depicts  the  pitch  and  roll  of  the  irotor  disc,  while 
collective  flapping  describes  the  vertical  translation.  Blade  notions 
In  the  plane  of  the  rotor  disc  consistent  with  collective  and  cyclic 
In-plane  motions. 

The  subseiuent  discussion  Is  divided  Into  three  i>ea*ts:  (A)  derivation 
of  control  gyi*o  equilibrium  equations,  shoving  effects  of  compliance 
correction  and  elastic  decoupling  (matching)  of  rotor  blades,  and  Indi¬ 
cation  of  salient  factors  Influencing  stability  and  control;  (B)  static 
stability  of  the  wind  tuiuiel  model;  euid  (c)  analysis  of  dynianilc  stabil¬ 
ity  in  hovering. 

(A)  COrirROL  GYRO  EX^OILIFRIUM  Fa^UA^ION 

It  Is  postulated  that  moment  Inputs  into  the  control  gyro  result  from 
feathering  and  elastic  deformation  of  the  blades.  F\  xhermore,  the 
linkage  between  the  blades  and  the  control  gyro  is  such  that  moments 
about  the  blade  feathering  axis  arc  reacted  by  the  control  k-To.  All 
other  moments  developed  In  the  blade  system  are  reacted  by  the  rotor 
mast.  The  lln>:age  which  transmits  the  moment  Into  the  control  gyro  Is 
described  In  terms  of  the  cant  angle,  defined  as  the  arlnut^  angle 
between  the  blade  feathering  axis  and  Its  attachment  point  to  the 
control  g^’ro;  and  _lie  gear  ratio,  defined  as  the  ratio  of  blade  feather¬ 
ing  angle  to  control  gyro  angle.  Hubseiuent  discussion  of  the  control 
gyro  Ciulllbrlum  equation  is  divided  into  (l)  moments  resulting  from 
blade  feathering  notion  and  (.  )  g^.ro  raoments  resulting  from  elastic 
deformation  of  the  blades. 


MOMLIffS  RESULTING  FROM  BLADZ  FELA.THERIH3  MOTION 

l^ie  nnoentB  on  the  control  gyro  resulting  from  blade  feathering  are 
determined  using  the  schematic  model  depicted  In  Sketch  1. 


A  rotor  blade  Is  at  an  azimuth  angle  ^  In  the  x  -  y  plane  of  the  x,  y, 
z  coordinates  system  fixed  In  space.  An  element  of  mass,  dm,  of  the 
blade  with  p  ,  V  ,  T  coordinates  will  have  the  following  coordinates  In 

the  X,  y,  z  plane: 

X  m  p  zos  ^  ♦  x'  sin 

Y  =  P  sin  ^  -  x'  cos  ^ 

z  B  tr  sin  +  T  cos  9 

where  x'  »  cos  Q  ~  T  sin® 


(1) 


Therefore  , 


X  = 

P  COB  ^ 

4-  O’  CCS  6 

sin  ^ 

-  T  pin  6  Bin 

y  = 

p  Bln  ^ 

-  (T  '03  ^ 

'OB  ^ 

4-  T  sin  B  '08 

(2) 

z  = 

(X  sin  6 

4  T  C  Ifl  ®  , 

Ibe  rates  of  motion 
tlatlng  equation  ''2 

of  dm  In  the  x, 
),  giving 

y,  z  planes  are  found  by 

dl  fferen- 

m 

X  = 

Blnf 

-  <T  B  Bin  B  flln^-f<r^)f 

COB  B  COB  ^  -  tB 

coB  B  flln 

- 

Bln ^  cos  yr 

y  * 

^  COB  ^ 

^  vB  ainB  COB 

COB  B  Bln  yr  4  r  ^ 

COB  B  coe 

yr(3) 

-  rif 

sin  6  sin  y^ 

Z  m 

cos^ 

-tB 

sin  B  • 

The  kinetic  energy,  dT,  of  the  eleaentikl  mss,  da,  Is  therefore 
dT  -  1/2  d«  (x  ♦  y  ♦  »  ) 

-  1/2  dm  6^  co^0  ♦  ^  8  * 

Bin6  ■*■  ZpTfjf^  com  B-Zvr  ^  ^b1  n  B  cos  B  )  , 

which,  after  Integration, will  result  In  the  total  kinetic  energy  of  the 
blade. 


Ihe  follovlng  noaencLature  Is  adopted  for  lDex*tlal  quantities! 
j  j  j  O’  ^  da  -  Ip  (called  the  ’’hortiontal  Inertia") 

///  T  ^  d«  -  ly  (called  the  "vertical  Inertia") 

/// 

Tor  a  oasB  balanced  blade,  the  products  of  Inertia 
J J J  px  da  -  jjj  ra  da  -  0  , 


(U) 


(5) 


(6) 
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In  order  to  provide  for  sweep  of  t'-e  ciass  axis  of  the  blade  relative  to 
the  feathering  axis,  let 


a  •  O’  ’  *  p  \  , 


(7) 


..here  a'  Is  the  distance  of  an  elemental  mass,  dm,  from  the  mans  axis, 
measured  parallel  to  the  chord  of  the  blade,  and  X  Is  the  sweep  angle, 
then 


ffh  flm  ■  Iff  (  a'  ♦  ^X  )  da  ■  ^7^  ^  (8) 

■^erefore.  In  terms  of  equations  (5)  and  (6), the  total  kinetic  enertQ^  of 
the  blade,  obtained  by  Integration  of  equation  (U), becomes 

T  -  1/2  ^  ^ 

♦  2X  "Inflj  . 

The  equation  of  motion  of  the  blade  In  the  9  direction  can  be  derived 
using  lagrange's  equation  in  the  form 


(9) 


d 

IT 


(±z\.  dj 

)  69 


*9 


(10) 


where  Qn  Is  the  sum  of  generalised  external  forces  and  forces  derivable 
from  p^ntlal  and  dissipative  functions,  and  will  be  expressed  In  the 
following  manner: 


^^9  ■  [  '‘'®  ^  ^  ®  • 

Mn  will  denote  net  reactive  forces  at  the  root  of  the  blade,  and  the 
ba^ce  of  Qg  will  be  assumed  to  be  expressible  In  terms  of  spring  and 
dating  terms  as  lallcated  In  the  last  two  terms  of  Equation  (11).  For 
the  sake  of  brevity, the  se'-ond  term  of  Equation  (11)  will  be  referred  to 

asHgd  • 


(11) 


U 


the  rot«tl  Mn«l  speed  of  the  tlade  Is  ^onstnit,  ^  -  [I  arvl  ^ 

b  I  that  Kquatlons  >  ,  IJ)  and  11  )  esolt  In 


Ij,  ♦  I,,  )ii  ♦  (!j^  -  T,,  n  slnfl  OB®  ♦  'gB  ♦  ■'gfi  '  ^ 

Kxplo/lng  saa  1 1  an^e  aasui^tlona  sach  that  sin®  '  ®  and  -os®  -  1, 
Kquatlon  (1.  )  yields 

Ip  ♦  ♦  (Ip  -  i^)  H'  ®  ♦  ♦kg®  ■  Mg  .  n 

In  teras  of  cyclic  feathering  expressea  as 

®-  - 

® -  ®,f  «in  (  f  ♦  y  )  -  ^  ®„a  •!"  f  ♦  r  )  (lu) 

^  *  % 

^  B  oos  (  ♦  y  ) 

where  ®^  Is  the  pitch  angle  of  the  control  firro,  K.quatlon  13)  yields 
R  H 

-  kg  -  lyil'  )  ■^  9^  cos  ♦  fg  ®^  sin  fe  y)  -  .  ( 1'  ) 
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TYie  resolution  of  rolling  and  plt'-hlng  momenti  l.e.,  L.  and  M- '  applied 
to  the  control  gyro  by  a  single  blade,  as  r.l.crwn  In  Gketch  ,  yields 


"rtien  the  resultant  of  three  blades  can  be  expressed  as 


L  “  L  ♦  L  ♦  L 
g  g.  g^ 


■  Ir;'-'  -  •■H-"-  '  Kg 


sin  f  ^  -f  y  ♦  1  I  COB  ^  ♦  y  ♦  — 


J 

z 

1-1 


sln‘  y  *  “c^l 


1  ■ 


M 


g 


M  e  M  ♦  M 

g^^  go  g^ 
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D 

•  '■««  -  “■  > ».  X 

1=1 


cos'"  ((►+/+  ) 


I 


1=1 


sin  V  •/  +  X  +  1 )  c  jj  I  y  *  ^  )  . 


IVirouj^i  the  trigonometric  Identities, 


^  cos“.^+X+  ^  ^  3ln“  (^♦y+  ^1)=| 


1=1 


1=1 


I 


1=1 


cos 


£^)  3in  ~  i)  -  0  . 


Equation  (1?)  can  be  simplified  as  follows: 


(18) 


(19) 


In  terms  of  the  roll  angle  ,  ^  ,  of  the  control  gyro,  one  can  also  write 

& 


a  -  -  6  (^)  sin  )  , 

8  «B 


(?0) 


which  ’-»rultr  in 

-i  *s 


(El) 


g 
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(2)  QTHD  MPmWTS  W8ULTDO  FIQI  ElAOTIC  DPOWATIOH  OT  THE  BUOKS 


In  additloo  to  fentterlng  motion,  flapping  defonaatlon,  outboard 

of  tte  featharlng  bearing  (•••  Reference  3  for  detail*)  of  tbe  blade 
and  in-plane  defor*viatlon  of  the  blade,  *  ,  alao  r**ult  In  Boaent* 
about  the  blade  feathering  azl*  vhlch  are  transmitted  to  the  control 
gyro.  The  geowtrlcal  considerations  vhlch  lead  to  these  aoaents  aie 
presented  In  Sketch  3  OQ  19.  fbe  rotor  blade  Is  shewn  with  the 

e)astic  axis  svept  fonrard  by  an  angle  >>  vlth  respect  to  the 
feathering  axis.  The  blade  Is  then  deformed  In  an  In-plane  direction 
through  an  angle  <  The  aoment  necessary  to  provide  this  deforsatioD 
Is  k«*  vhsre  k«  Is  the  in-plane  stlfTness  of  the  blade.  The  blade 
Is  then  deformed  In  a  flapping  direction  through  ai.  angle  The 

moment  necessary  to  produce  this  deformation  ^  vhere  k Is 

the  flapping  stiffness  of  the  blade  outboard  of  the  feathering  ” 
bearing.  These  defomatlons  imsult  In  tvo  orthogonal  moments,  k 
and  k«'  sin  /3g  ,  In  the  plane  of  the  feathering  axis.  The  rssulWit 
of  these  moments  about  the  feathsrrlng  axis  Is 


y-g  k  3ln(  X  -  s  )  >  k,s  siii/9^  o(  X  -  s  )  .  (?2) 

Using  a  Taylor's  series  expsuislon,  Po*/^o  *  o  p  *  •  t  •  where 
/3  ,  B  are  dlaplaoemsnts  dus  to  static  loads,  axed  retaining  only  first 
orimr  terms,  Eqiuatlon  (22)  becosss 


(E,D^  ) 


»0, 


.  m.- 

ds 


Bq 


U3) 


Do  .E 


II  (sin  X  CU3E-COS  X  sin  E) 

Po 


Pc 


I'P  Bq  (cus  X  C(  3  E  ♦ 


♦  E  COB  Dq  (cos  X  CU3  E  -f  sin  X  Bin  E) 
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For  small-aiigle  assumption  and  ignoring  second  order  terns.  Equation 
(23)6lmpllf les  into 
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The  first  term  on  the  r.ght  hand  side  ol  Equation  is  tl^ie  compliance 

correction  and  results  fror  blade  sweep.  The  second  and  ti.ird  terns 
are  the  elastic  coupliiig  terr.s  which  disapp)ear  frv^n  elastically 
matched  blades. 


Flapping  and  in-plane  bending  deformations  can  be  ex|>ressed  In  terr.s 
of  rotor  disc  nil  eind  longitudinal  dir-placenent  of  rotor  blades  in 
the  rotor  disc  as  follows; 


9^co3  y 


While,  in  terr.s  of  rctor  disc  pitch  and  lateral  displacetaent  of  rotor 
blades  in  the  rotor  disc. 


00  =  * 

f  m  -  r^  cos  , 


(26) 


So  tliat  after  considerations  similar  to  Equations  (lU)  through  (21), 
the  total  mooent  Inputs  Into  the  control  gyro  Inclusive  of  Equations 
( 19)  and  (21)  bccoines 
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where  M  A 


Rq  «G 

— —  and  0  =  -  (sketch  2,  page  16). 

0  Cos  y 


The  term  associated  with  X  in  these  equations  Is  called  ec^pllance 

correction.  Any  tilt  of  the  rotor  dlsCf^d  and/or  ®(j  ,  relative  to  the  mast 

results  In  aoaents  on  the  control  gyro  which  precess  the  gyro  and  results 
in  cyclic  feathering  to  ellainate  the  aerodyn^c  unbalance.  The  effect 
of  the  co^liance  correction,  therefore.  Is  to  afford  the  combined  rotor 
dlsC'gyro  system  self  responsive  corrections  to  applied  external  loads. 

When  the  stiff  In-plane  rigid  rotor  system  is  used  (k,  >  k^^)  there  Is  a 

reduction  In  the  effective  co^llance  correction  due  to  the  additional  term 
involving  (k^  ~  kj  ).  For  the  matched  blade  system  ~  »  which 

eliminates  this  additional  term,  thereby  maintaining  the  level  of  co^liance 
correction; but  in  addition  this  deco^les  In-plane  motion  inputs  to  the  gyro 
control. 
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(B)  static  grABILITY  OF  THE  wntD  TUNNEL  M3DEL 


The  static  stability  of  a  wind  tunnel  model  is  not  the  saias  as  the 
stability  of  the  full  scale  vehicle  since  the  model  is  restrained  in 
several  degrees  of  freedon.  While  an  unrestrained  helicopter  can  be 
very  stable  in  forward  flight,  a  wind  tunnel  model  can  be  unstable. 

The  following  factors  contribute  to  the  static  stability  of  a  model; 

1.  Inherent  stability  characteristics  such  as  conyl lance 
correction 

2.  Model  support  spirlngs 

3<  Aerodynamic  stabilization  from  a  horizonteil  tail. 
Destabilizing  are: 

1.  Basic  rotor  pitch  instability  in  p.bsence  of  corrective 
feathering  from  control  gyro 

2.  Aerodynamic  drag  of  the  rotor  and  hub 

3.  Aerodynaml'*  moment  of  the  fuselage 

The  relatively  light  model  support  springs  that  were  used  gave  suffi¬ 
cient  pitch  stiffness  to  provide  static  stability  <  ven  with  the  control 
gyro  locked  out.  -=  - 

The  determination  of  the  static  rotor  stability  charactez*lstlcs  were 
preceded: 


1.  by  selection  of  significant  flight  conditions  and 

2.  by  the  calcvilations  of  the  stability  derivatives. 

Application  of  the  classical  pei-formance  method  of  References  U,  and 
6  provide  load  factor  versus  velocity  data  for  the  blade  stall  bound¬ 
aries.  These  data  aided  In  selecting  collective  pitch,  advance  ratio, 
and  inflow  ratio  combinations  for  reference  flight  conditions  with  the 
retreating  blade  tip  operating  unstalled,  at  Incipient  stall,  or  In 
well -developed  stall.  The  NASA  analysis,  "Aerodynamic  Characteristics 
of  Lifting  Rotors",  as  evolved  from  Heferences  7  and  8,  is  subsequently 
applied  to  obtain  the  stability  derivatives. 

The  derivatlc  1  of  the  control  gyro  equilibrium  equations,  showing 
effects  of  coB^llance  correction  amd  elastic  decoupling  (matching)  of 
rotor  blades,  is  given  in  Part  A  of  this  section.  These  results  show 
that  a  free -feathering  gyro  control  can  affect  the  rotor  disc  contrib¬ 
ution  to  the  static  stability  of  the  helicopter.  It  should  oe  noted 
that  a  rigid  rotor  without  frer -feathering  capability  and  coll^>llance 


22 


connection  or  autdSAtic  control  will  provide  a  Largv  destabilizing 
contribution  to  the  longitudinal  stability  of  tht*  helicopter.  The 
remaining  contributions  to  static  longitudinal  stability  will  result 
from  rotor  thrust  variation  vlU  angle  of  attack  (with  the  c.g.  sift  of 
the  thrust  axis),  rotor  drag  variation  with  angle  of  attack  (with  the 
rotor  above  the  c.g.),  aoment  contributions  of  the  fuselage,  horizontal 
tail  forces  producing  body  pitching  ocneats,  and  reaction  forces  from 
the  support  system  In  the  case  of  our  model  (see  page  4^' )  • 

The  analysis  made  on  a  simple  f Ive-degree-of-f reedoin  dee.rlptlon  for  the 
gyro-free  caae  showed  that  the  model  was  statically  stable  for  the  con¬ 
figuration  analyzed.  These  solutions,  canrled  only  to  100  miles  per  hour, 
are  not  presented  since  more  significant  results  can  be  obtained 
directly  from  the  test  data. 

The  test  results  shew  tlat  all  conf  Igurat ions  tested  In  the  full-scale 
tunr^l  tests  with  the  contr>ol  gyro  locked  or  free  were  statically 
stable.  Since  the  spring  rate  if  the  codel  support  was  known  to  be  U6U 
In-lbs /degree ,  a  measure  of  the  static  stability  of  these  configurations 
has  been  obtained. 

Transonic  dynamics  turmel  tests  were  made  with  the  gyro  control  free  with 
the  same  suppoirt  spring  rate  of  h6k  In-lbs/degree  for  C  Iguratlons  A 
through  L.  Model  support  springs  were  changed  for  Con_  juration  M  to 
lar^r  values  as  shown  in  Figure  I3,  page  45,  to  reduce  obaerved  response 
amplitudes  of  the  model.  While  testing  Configuration  M  at  a  simulated 
speed  of  24o  miles  per  hour,  the  electroneohanical  act;iator  used  to 
position  the  model  pltchlrrg  attitude  parted,  thus  leaving  the  model 
cooipletely  free  In  pitch  (see  page  65).  The  model  began  to  pitch  nose 
up  very  slcwly,  which  subsequently  led  to  failure  of  the  model  support. 
This  test  result  shows  that  this  configuration  was  slightly  statically 
unstable  at  this  speed  In  the  absence  of  some  pitch  stiffness  fr*QD  the 
model  support. 

In  Burmairy,  the  static  stability  of  the  test  com* Iguratlons  was  not  a 
serious  problem  area.  It  Is  possible  to  mechanically  support  the  model 
with  limit  stops  which  unlosui  the  rotor  when  contacted.  Such  a  support 
was  utilized  In  the  TDT  tests;  however,  warning  lights  Indicated  that 
the  stops  had  not  contacted  during  the  test  ixins. 

Purser  examination  of  eqviatlon  (27)  shows  that  the  feathering  bearring 
friction  term  permits  an  equilibrium  position  for  the  control  gyro  with 
an  aerodynamic  unbalance  on  the  rotor  disc.  The  magnitude  of  this  un¬ 
stable  contribution  will  be  determined  by  the  relative  magnitudes  of  the 
compliance  correction  and  the  feathering  bearing  friction. 

The  Large  magnitude  of  the  oaciUating  pitch  link  load  (which  Is  primarily 
a  steady  gyro  trim  nooent  in  the  non-rotating  paz^t  of  the  contzrol  system). 
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which  18  suB^irired  In  Figures  32  and  33,v»s  not  anticipated.  Exa^ 
Inatlon  of  the  oscillograph  records  showed  a  pha».e  difference  of  a^ut 
^  (♦  10°)  between  the  point  of  naxlnum  llni  load  and  tte  po^t  of 
feathering  angle  amplitude.  This 

load  was  principally  a  feathering  friction  or  aerodynamic  darap^-ln- 
featherlng  type  of  load.  Further  examination  of  the  records  showed 
t^irmosTof^  torque  measured  at  the  pitch  link  was  also  present 
in  the  blade  torsion  measurement  at  radial  station  22  and,  therefore, 
must  be  generated  In  the  outboard  portion  of  the  blade. 


Aerodynamic  da:nplng  due  to  feathering  velocity  Is  by  theory  given 
by  the  following  expression 


The  effective  X's  obtained  with  the  rotor  rotating  were  used  ^  the 

e^reVslon  for  «.reral  configuration-  to  calculate  the  ^oretlcal 
a^rodyiSlc  feathering  damping  nesaent  for  c<»P»ri8^ 

This  comparison  is  shown  oa  Figure  6,  Pa<?B  2?  of  this  report. 
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DYNAMIC  JTABILITY  ANALYSIS,  HOVERING 


In  part  A  of  this  section,  the  equilibrium  equations  for  the  control 
gyro  were  derived.  For  the  more  co»n>lete  description  of  the  helicopter 
stability,  the  equilibrium  equations  for  the  fuselage,  rotor  disc, 
motions  In  the  rotor  disc,  as  well  as  the  control  gyro  have  to  be  con¬ 
sidered.  For  this  purpose,  a  lU-degree-of-freedoa  stability  system  was 
prograassed  on  the  IBM  7C’90  (Reference  2).  If  It  Is  assumed  that  the 
fuselage  Is  rigid  with  Its  c.g.  located  at  the  rotor  center  line,  the 
stability  system  can  br  broken  dervm  into  a  Ij-derree-of-freedon  collective 
set  and  a  lO-degree-of-freedon  cyclic  set  of  stability  equations.  This 
assuaqptlon  of  an  uncoupled  collective  -  cyclic  system  was  mads  when 
Investigating  the  dynamic  stability  In  hovering  of  these  model  rotors. 

The  collective  set  of  equations  Includes  effects  of  vertical  translation 
of  the  fuselage,  collective  first  elastic  flapvlse  bending  (l.e.,  all 
blades  move  up  or  down  simultaneously)-  collective  first  elastic  In- 
plane  herding,  auxl  vertical  translation  of  the  control  gyro.  The  cyclic 
set  of  equations  Includes  effects  of  longitudinal  a.id  lateral  transla¬ 
tions  of  thr  fuselage,  pitch  and  roll  of  the  sane,  pitch  and  roll  of  the 
control  gyro,  pitch  and  roll  of  the  rotor  disc  (l.e.,  cyclic  first 
elastic  flapvlse  bending),  and  longitudinal  and  lateral  displacements  of 
the  blades  In  the  rotor  disc  (l.e.,  cyclic  first  elastic  In-plane  bend¬ 
ing).  The  coordinates  and  basic  equations  In  matrix  form  of  the  l4- 
degree-of -freedom  hovering  stability  program  of  Reference  2  are  reported 
on  pages  2A  -  '^1 . 

The  collective  set  of  equations  seldom  causes  Instability  since,  In 

fsneral,  the  stiffness  In  the  collective  feathering  degree  of  freedom 
l.e.,  translation  of  the  gyro)  Is  very  large,  hence,  preventing  It  from 
coupling  with  fuselage  translation,  '^erefore,  only  the  cyclic  stabil¬ 
ity  problem  has  been  Investigated  herein. 

The  IBM  program  considers  effects  of  large  deflection  on  the  mechanical 
terms,  vtiereas  the  serodynamic  Inputs  are  based  on  small  angle  strip- 
theory  assumntlons  In  hovering.  The  parametric  variations  Include  hub 
stiffness,  drag  link  stiffness,  control  gyro  mass  masmnt  of  Inertia, 
control  gyro  daaylng,  blade  sweep,  load  factor,  and  rotor  HPM>  Since 
the  model  in  air  or  freon  is  scaled  to  the  same  full-scale  vehicle,  no 
distinction  has  to  be  made  In  the  analysis  for  different  test  media. 
Furthensore,  since  only  the  first  mode  flapvlse  and  In-plazte 
are  considered,  the  effect  of  blade  tvlst  has  not  been  Investlgsted 
(l.e.,  tvlst  merely  means  a  change  of  collective  pitch  to  match  ths 
selected  load  factor). 

The  basic  data  used  in  the  analysis  eire  presented  in  Reference  3.  For 
convenience,  the  results  of  the  analysis  with  coonents  are  sunsarlzed  In 
Table  2.  As  can  be  seen  from  It,  the  test  configurations  are  stable  for 
the  entire  test  program  except  for  the  very  low  to  marginally  (laiTTi>ed 


5  i  as 


In-plane  bending  modes,  which  eisentlally  are  due  to  the  exclusion  of 
e  structural  damping  involved  in  the  in-plane  bending  modes  ojid  the 
damped  body  roll  response  mode  in  the  hard  hub,  hard  drag  link, 
d  low  gyro  inertia  configuration.  The  latt-r  configuration  was  not 
sted. 
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The  Inertial  -  structural  elcaents  of  the  e<iuation8  of  notion  of  thte 
rotor  awl  swaahplatc  cocblnatlon  with  the  control  Input  of  the  swaatg.lat^ 
rigidly  attached  to  the  rigid  body  coordinates  of  the  combined  configuration^ 

Two  liv'.epecd'ent  sets  of  •lenents  In  terms  of  generalized  non-rotating 
coordinates  of  which  the  generalized  displacements  ore: 


A.  The  Cyclic  Set 


g  Cartesian  conponents,  pcxTpendicular  to  the  rotor 
shaft,  of  the  translational  displacement  of  the 
rotor  hub. 


0 


c 


d 

c 


d 

C 


g  Cartesian  components  of  the  angular  dlsplacerent 
(roil,  pitch)  of  the  combined  configuration-rotor, 
svashplate,  and  Interconnecting  shaft  aiid  llnluicc. 

B  Cartesian  cor:poncnts  of  the  relative  angular 
displacement  (roll,  pitch)  of  the  svashplate. 


g  Cyclic  cartesian  conponents  depicting  fundamental 
blade  flapping  displacements. 


r 


2' 


r^  (nr) 


B  Cyclic  cartesian  coeq>oncnt8  depicting  fundamental 
blad*  in-plane  bending  dlsplacensrita . 


B.  The  Collective  Set 

A  B  The  vertical  component  -  i.e.,  In  the  direction  of  the  rotor 
r 

shaft  -  of  the  translational  displacement  of  the  rotor  hub. 

a  a  The  relative  vertical  displacement  of  the  svashplate. 

g 

■  Collective  component  depicting  fundamental  blade  flapping 
displacements. 

B  ''ollectlvc  compo.icr.t  depleting  fxmdamental  blada  in-plane 
'^'-'-idlng  displacements. 


The  relative  physic* •  displacements  -  i.e.,  feathering,  flapping,  and  in-plane 
benilng  displAU.eaents  -  of  the  individual  blades  are: 
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where 
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R  COG  a 


1)5  .  -  At 

O-i  •  0. 42  ■ 


e  due  to  a  unit  angular  disrlaccment  of  the  svashplate 

J 

about  an  axis  perpendicular  to  the  direction  of  the 
Jth  attach  point  on  the  svaahplate 

0^  due  to  a  unit  vertical  dleplaceinent  of  the  svashplatc. 

«  const. 


2n  bn 
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(  Ii.  the  following  equations,  tenns  of  the  differential  equation  are  relat»^d  to  the 
basic  properties  of  the  rotor  aysteu.  by  a  systei-atic  sequence  of  abbreviations) 

A.  The  Cyrltc  .let  (IJ  Generalized  Ulsplac'^aents ) 


B.  The  Collective  Get  ('♦  CeneraJ-ized  Di splacenients ) 
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Table  1.  Summary  of  Predicted  Cyclic  Hovering  Stability  ( 
for  the  Untwisted  Metal  Blade  Air  Tunnel  Configv. 


Hub 

Stiff  ness 

Drag  Link 

St  if f ness 

Blade 
Sweep 
(  Deg) 

Control 

Gyro 

Inertia 

(Slug-rt^) 

Control 

Gyro 

Damping 
( Ft-Lbs*  Sec ) 

Load 

Factor 

Rotor 

KPM 

Hard 

Hard 

1.5 

O 

o 

• 

o 

1.160 

Change 

1055 

flard 

Hard 

1.5 

0.005 

1.160 

Change 

1055 

Hard 

Soft 

1.5 

0.0125 

1.160 

Change 

1055 

Hard 

Sc  ‘ 

1.5 

0.005 

1.160 

Change 

1055 

Soft 

S' 

1.5 

0.0125 

1.160 

Change 

1055 

Soft 

Sof  t 

6,58 

0.0125 

1 . 160 

Change 

1055 

Hard 

Soft 

1.5 

Ch.ange 

1.160 

1.0 

Hard 

Soft 

Change 

0.0125 

1.160 

1.0 

1055 

Hard 

Soft 

1.5 

0.0125 

Change 

'  .0 

1055 

Hard 

Sof  t 

1.5 

0.0125 

1.160 

1.0 

Chanr  e 

Hard 

Soft 

1.5 

0.0125 

1.160 

Change 

Change 

Hard 

Soft 

1.5 

0.0125 

1.160 

Change 

Change 

*  Spring 

rate  of  body 

support  system  was 

included  in  the 

analysis . 

* 

laracteristics  of  the  Rotor  Fuselage  Free  Body  Combination 
•ation 


Remarks 


With  the  exception  of  marginally  stable  0,28/rev  and  2,37/rev  inplane 
bending  modes,  the  conf iguratior  is  stable. 

Body  roll  response  mode  is  becoming  unstable  at  high  load  factors.  Both 
high  and  low  inplane  bending  modes  are  unst.ble,  Thi*  configuration  is 
not  tested. 

The  conf igui  at  ion  is  stable. 

The  configuration  is  stable. 

Slightly  unstable  O.Ob/reV  body  pitch  and  0,2'’/rev  inplane  bending  modes, 

A  change  in  blade  sweep  to  6,58°  stabilizes  the  body  pitch  modes  but 
leaves  the  inplane  bending  mode  slightly  unstable. 

The  configuration  is  stable  for  either  control  gyro  inertia,  0.005  or 
0,200  slugs-ft^. 

The  configuration  ,s  stable  for  both  3°  and  6°  blade  sweep.  Larger  blade 
sweep  makes  the  body  mode  stable. 

Zero  damping  configuration  has  a  slightly  unstable  l.fl5/rev  inplane 
bending  mode.  3  x  nominal  damping  also  makes  the  0,17/rev  body  pitch 
mode  sli  ghtly  unstable , 


Analysis  from  620  RPM  to  1320  RPM  shows  no  instability. 
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V.  DESCRIPTION  OF  TEOT  ARTICLE 


A.  MODEL  DESCRIPTION 

Th«  Bodel  as  shown  in  Figures  3  and  U  has  a  single  lO-foot-dlameter  min 
rotor,  no  tail  rotor,  and  a  body  shaoed  and  sized  to  represent  a  one- 
third  scale  model  of  a  3000-  to  UOOO-pound  class  helicopter. 

The  skeleton  or  inertia  frame  of  the  model  is  a  very  stiff  welded  struc¬ 
ture  of  l/4-inch  steel  plate.  This  frame  is  attached  to  an  internal 
base  plate  structure  through  a  system  of  springs  such  that  the  model  has 
five  degrees  of  freedom  with  respect  to  the  base.  The  spring  rates  and 
travels  given  in  Reference  3  are  nominal  values  and  can  be  varied  by 
changing  the  springs  and  stops  in  the  model.  A  pneunmtlc  caging  cyl¬ 
inder  mounted  between  the  model  frame  and  the  base  plate  pemlts  the 
model  operator  to  lock  the  model  to  the  base  in  an  emergency.  Rotor 
torviue  reaction  is  transmitted  from  the  model  to  the  base  by  a  couple 
consisting  of  a  lateral  force  through  the  lateral  springs  near  the  model 
c.g.  and  an  opposite  lateral  force  near  the  end  of  the  tall  boom  which 
is  reacted  by  a  long  arm  inside  the  body  that  attaches  to  the  base  plate. 
A  schematic  of  this  system  is  shown  in  Figure  13* 

The  rotor  Is  driven  through  a  two-stage  transmission  system  by  three 
variable-frequency,  water-cooled.  38-horsepower  synchronous  electric 
motors.  The  motors  drive  a  coimaon  large  sprocket  wheel  through  individ¬ 
ual  timing  belts  for  a  3:1  speed  reduction.  An  11-tooth  chain  drive 
sprocket  on  the  lower  end  of  the  Jack  shaft  drives,  through  a  roller 
chain,  a  large  sprocket  on  the  lower  end  of  the  rotor  shaft.  By  chang¬ 
ing  this  large  sprocket,  reductions  of  5*4^:1  or  2.73:1  can  achieved 
in  the  chain  drive  stage.  The  model  drive  system  is  designed  for  ^ 
continuous  horsepower  tnaviiia. 

Tbe  MISS  c.g.  locations  and  pitch  and  roll  moments  of  inertia  of  the 
model  can  be  varied  by  attaching  as  much  as  250  pounds  of  ballast  to 
pads  provided  on  the  inertia  frame. 

The  pitching  attitude  of  the  base  plate  inside  the  aodel(and  thus  the 
pitching  attitude  of  the  model)  can  be  varied  by  the  model  operator 
through  the  use  of  an  electromechanical  actuation  in  the  model  fx*oin 
about  l3*  nose  down  to  about  8*  nose  up. 

The  swashplate  and  integral  gyro  are  mounted  on  the  rotor  shaft  immedi¬ 
ately  below  the  rotor.  An  electronmchanlcal  actuator  is  provided  to 
control  collective  pitch,  and  two  low-pressure  air  cylinders  are 
Installed  to  allow  the  model  operator  to  apply  pitch  and  roll  trim 
forces  to  the  gyro  by  modulating  the  presstire  in  the  cylinders  with 
pressure  regulators  mounted  on  the  console.  A  switch  on  the  model 
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operator's  console  connected  to  a  solenoid  friction  brake  allovs  the 
operator  to  lock  the  gyro  position.  A  fiberglass  and  sheet  aluminum 
body  shell  covers  the  model  and  includes  a  fixed  horizontal  tall  surface 
of  20  Inches  span  and  7.55  Inches  chord  positioned  to  neutralize  the 
body  pitching  moments.  The  body  shell  is  attached  to  the  Inertia  frame. 

The  rotors  tested  were  all  three-blade,  T.55-lnch  constant  chord,  10-foot 
diameter,  with  NASA  0012  airfoil  sections.  The  hub  used  for  all  tests 
was  of  the  Lockheed  "rigid"  or  cantilever  bending  type  with  no  flap  and 
lag  hinges.  The  feathering  bearings  were  the  "caged"  roller  type.  The 
hub  and  gyro  are  shewn  In  Figures  10  and  l?.The  hub  is  a  single  piece  of 
steel  tmving  a  thin,  fiat  center  section  branching  out  Into  three  cylin¬ 
drical  spindles.  The  thin  section  serves  to  concentrate  flapping 
deflections  inboard  of  the  feathering  bearings  in  an  area  close  to  the 
pitch  link  attachment,  so  that  blade  flapping  does  not  couple  with  blade 
feathering.  Section  IV  of  this  report  Includes  a  derivation  of  the 
relationships  between  blade  flap  bending  outboard  of  the  feathering 
bearings  and  blade  feathering  moment,  which  will  further  clarify  this 
statement.  Flapping  stiffness  In  this  area  can  be  increi^sed  by  sand¬ 
wiching  the  flat  hub  center  section  between  two  plates  which  act  as 
cantilever  springs.  A  fork  fitting  with  a  vertical  pivot  bolt  transmits 
flap  bending  from  the  blade  Into  the  feathering  bearing  housing  while 
permitting  lag  motion.  This  lag  motion  Is  restrained  by  a  "C"  shaped 
drag  link.  In  the  course  of  the  program,  four  sets  of  drag  links  were 
b’lllt  with  different  stiffnesses.  Thus  blade  first  mode  chord  stiffness 
could  be  varied  by  changing  these  drag  links.  The  two  sets  of  drag  links 
wl.lch  were  used  in  the  wind  tunnel  test  program  resulted  in  in-plane 
bending  frequencies  of  .7p  and  1.2p  at  rotor  design  ??  ".  .  as  shown  in 

Figures  lU  and  15.  Blade  centrifugal  loads  bypass  the  feathering  bear¬ 
ing  housing  and  nre  carried  by  a  multlstrap,  tension-torsion  bundle 
attached  inside  the  blade  and  to  the  outboard  ends  of  the  hub  spindles. 

Two  different  types  of  blade  construction  were  used.  Typical  cross  sec¬ 
tions  are  shown  In  Figures  8  and  9*  fiberglass  blade  was  an  attempt 

to  achieve  elastic  and  chordwlse  El  mtchlng  all  along  the  blade.  To 
achieve  this,  a  steel  "I"  beam  spar  was  designed  to  provide  approximately 
90  per  cent  of  the  desired  flap  stiffness.  This  spar  was  slipped  into 
(but  not  fastened  to)  a  molded  fiberglass  "D"  spar  which  composed  the 
Xaadlng  30  per  cent  cf  the  blade  and  provided  the  renmlnlng  10  per  cent 
of  the  flap  stiffness  and  almost  all  of  the  chord  stiffness.  Blade 
leading  edge  ballast  was  Installed  In  the  form  of  lead  shot  molded  in 
epoxy  to  the  fiberglass.  The  trailing  edge  70  per  cent  consisted  of 
polyuretlmne  foam  covered  with  fiberglass.  The  fiberglass  blades  were 
built  only  In  the  untwisted  configuration  and  were  tested  only  in  air  in 
the  speed  range  up  to  106  miles  per  hour. 

nw  aluminum  blades  were  built  with  the  same  construction  in  zero  twist 
and  -"^tv/lst  configurations.  The  aluminum  blades  had  essentially  the 
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nm.wm  flapping  itlffness  as  the  fiberglass  blades.  However,  the  chord 
stiffness  o^  the  aluzalmin  blades  was  very  high,  and  they  could  be 
"*tched"  to  their  flap  stiffness  only  In  the  first  node  by  use  of  very- 
soft  drag  links.  The  leading  edge  ballast  was  renovable  and  was  changed 
to  achieve  the  proper  sealing  of  blade  i»is  and  feathering  Inertia  when 
the  blades  were  converted  from  the  air  test  configuration  to  the  freon 
test  configuration.  Tungsten  wire  was  used  as  ballast  In  the  fonn  of  a 
trapped  (but  not  bonded)  bundle  fastened  only  at  the  blade  root  In  order 
to  achieve  the  proper  blade  a»ss  ratio  and  c.g.  location  without  affect¬ 
ing  the  chord  or  flap  stiffnesses  of  the  b^ade  structure.  The  Insertion 
of  tungsten  ballast  at  the  trailing  edge  was  necessary  to  achieve  suffi¬ 
cient  feathering  Inertia  for  the  freon  test  caBe. 


B.  MODEL  PROPmriES  AND  SIMUIATION 

The  physical  properties  of  the  aodel  and  rotors  are  given  In  Table  1. 

This  type  of  generalized  nodal  testing  can  be  scaled  to  any  size  that  is 
of  Interest.  However,  the  particular,  slailated  f\ill-scale  vehicle  that 
was  used  as  a  scaling  and  design  reference  in  order  to  Insure  that  the 
aodel  design  represented  a  realistic  configuration  Is  shown  with  the 
applicable  scale  factors  In  Table  i.  The  drag  link  stiffnesses,  blade 
El,  nass  distribution,  gecostry,  and  other  pertinent  basic  data  for  the 
configurations  tested  are  given  In  Reference  3. 

It  was  desired  to  slaulate  the  full-scale  aerodynaalc  and  dynanlc  situa¬ 
tion  of  a  helicopter  rotor  as  closely  as  possible.  To  scale  the  aero- 
dynanlc  effects,  It  was  considered  necessary  to  aateb  Reynolds  modwr, 

Mich  nuad>er,  dyMuaic  pressures,  geoaetry,  and  angles.  This  aeans  that 
the  aerodynsuslc  coefficients  are  aatched.  Velocity  sealing  is  thus  intro¬ 
duced  In  going  frcB  air  to  freon  as  the  test  saditos.  Since  aerodynooic 
forces  aire  the  product  of  aerodynasiic  coefficients,  dynsBie  pressure, and 
n»del  areas,  these  forces  vary  only  with  the  areas  or  the  geoaetric  scale 
factor  squared. 

To  oalntaln  dynamic  similitude,  it  was  necesaary  to  hold  the  ratio  of 
Inertial  forces  to  aerodynaale  forces.  An  excellent  example  of  this  re¬ 
lationship  can  be  observed  in  the  coning  angle  which  is  the  ratio  of  the 
aerodynamic  blade  lift  force  to  the  hlade  eentrifUggl  force,  when  neg¬ 
lecting  structural  stiffness.  The  centrifugal  "etlffsees"  forces  and  the 
structural  stiffness  levels  aast  therefore  be  in  the  sens  ratio  as  full- 
scale  levels  to  Insure  dynanic  siallitiaAn.  BlaAs  lift  is  a  function  of 
fluid  density  and  rotational  speed  ai^uared,  and  eentrifUi^  force  is  a 
function  of  blade  smss  and  rotational  speed  squared.  Thus  msaes  mat 
change  by  the  sans  latio  as  do  the  fluid  densities  of  ths  test  aedium. 

In  other  words,  kinetic  energy  ratios  between  c^ynsnic  end  eerodynasic 
phencnsna  are  held  constant.  This  also  ssans  that  the  ratios  of  blade 
operating  frequencies  to  natural  frequencies  are  aaintained  providing 


37 


th«  eUttlc  properties  of  the  bUdet  ere  not  chinged  In  the  process  of 
changing  the  omss. 


If  the  slssilated  vehicle  la  coa^iared  with  the  nodel  In  freon,  It  can  ^ 
shown  that  the  full-scale  effects  of  ^*lch  nuaber  and  Reynolds  nuaber  have 
been  exactly  mtched.  Further,  the  Strouhal  nunber  Is 
restated,  i*ans  that  the  reduced  frequency  Is  natched  and  therefore  ^e 
full-scale  dyiaalc  effects  are  represented.  These  properties  c^l^  In 
one  model.  Including  forvard  flight,  are  probably  unique  In  helicopter 
technology . 


Froude  nurber,  however.  Is  not  mtched  by  the  present  scaling. 
parameter  nay  be  interpreted  In  this  case  as  a  ratio  of  vehicle  kinetic 
energy  to  ;viurntial  energy.  Therefore,  model  height  lose  to  speed 
Alned  Is  not  scaled  to  the  full-scale  vehicle.  This  has  an  effect  on 
the  low-frequency  stability  of  a  vehicle  In  free  flight.  Howewr,  the 
spring  rate  and  limited  travel  of  the  support  system  Impose  added  re- 
strlctlons  on  the  Investl^tion  of  this  area;  therefore,  model  results  in 
this  partlciilar  area  are  of  limited  use. 
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TABLE  2  MOEEL  PROPERTIES  AND  SIMULATION 


r - 

Simulated 

Vehicle 

Model 

in 

Air 

Scale 

Factor 

in 

Air 

Model 

in 

Freon 

Scale 

Factor 

in 

Freon 

Number  of  blades 

3 

3 

1 

3 

1 

, 

Blade  Chord  ( f t ) 

1.667 

.629 

.337 

.629 

.337 

1  ,  . 

Rotor  Diameter  (ft) 

29.7 

10 

.337 

10 

.337 

Solidity 

.12 

.12 

1 

.12 

1 

Pitch  Inertia  (slug-ft^) 

1990 

11.5 

.00579 

38. 9 

.0195 

Boll  Inertia  (elug-ft^) 

326 

2.1 

.00644 

6.4 

.0195 

Mass  (lb) 

3000 

286 

.0954(^ ] 

51b 

mm 

Rotor  Lift  (lb) 

3000 

31'* 

.105 

31'* 

.105 

jDlsc  Loading  (Ib/ft^) 

'*.33 

4.00 

.925 

400 

.925 

Altitude/ Tempe rature 

6000ft/95*P 

Std.Oay 

- 

110*F 

- 

Density  ( slugs/ ft^) 

.001783 

.002378 

1.33'* 

.0080 

4.49 

Speed  of  Sound  ( ft/ sec ) 

1158 

1118 

.966 

525 

.**53 

jVeloclty  (ft/ sec) 

- 

.832 

- 

.1*53 

iTlp  Speed  (ft/ sec) 

666 

55'* 

.832 

302 

.453 

1  Rotor  HP!1 

V28 

1055 

2.47 

576 

I.3W 

1 

j Force 

- 

.105 

- 

.105 

1 Moment 

- 

- 

.0353 

- 

.0353 

Acceleration 

- 

- 

2.055 

- 

.61 

1(1}  When  tested  in  air,  the  pitch  and  roll  inertias  are  simulated,  hut 
there  is  a  discrepancy  in  ac4el  wei^t  simulation.  Therefore,  full 
scale  acceleration  -  1  x  286  x  measured  accelerations. 

2.055  T55' 
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FIGURE  8  ALUMINUM  BIADE  CROSS  SECTIONS 
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FIGURE  10  ®0MRTRY  OF  THE  HUB-SPINDLE  ASSO«L3f 
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FIGURE  13  MOrH.L  SUPPORT  SYST...1  SCHF.f-WTIC 


ROTOR  SPEED,  Jl  -  RPM 


FIGURE  14  UNCOUPLED  NATURAL  FREQUENCIES  OF  BLADES 

VS  ROTOR  SPEED  FOR  AIR  TUNNEL  CONFIGURATION 
WITH  MEASURED  FREQUENCIES  AT  Q  -  0 


NATURAL  FREQUENCY  -  CPS 


ROTOR  SPEED,  a  -  RPM 


FIGURE  15  UNCOUPLED  NATURAL  FREQUENCIES  OF  PLADEIS 
VS  ROTOR  SPEED  FOR  FREON  CONFIGURATION, 
SCALED  FROM  AIR  TUNNEL  CONFIGURATION 
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C.  IK9TRUMEWTATI0N 


The  Instrunentatlon  used  In  this  program  falls  Into  tvo  basic  categories. 

1.  Model  situation  display  Instrumentation  was  necessary  so  that  the 
modal  operators  could  monitor  and  set  up  the  de8lx*ad  test  condl- 
tloos.  In  each  tunnel,  the  flow  conditions  such  as  "q",  density, 
and  temperature  vere  taken  from  tunnel  Instrumentation.  Rotor 
RP>!  vas  displayed  on  an  electronic  pulse  counter  fed  by  a  sta¬ 
tionary  magnetic  pickup  set  close  to  a  rotating  multltooth  gear 
on  the  model  drive  Jack  shaft.  The  nuii>er  of  teeth  on  the  gear 
mas  mads  such  that  ^  pulses  vere  generated  per  rotor  revolution, 
and  thus  the  counter  read  directly  In  RPM  Model  motor  temper¬ 
atures  vere  taken  from  thermocouples  built  Into  the  motors  and 
printed  out  continuously  on  a  Brovn  tenperatvire  recorder. 

Current,  voltage,  and  cycles-per-second  meters  and  the  necessary 
controls  for  the  current  fed  to  the  model  actors  vere  contained 
In  a  mode]  operator's  console  which  was  pairt  jf  the  NAGA-supplled 
variable -frequency  power  source. 

The  folloving  model  forces  and  positions  were  displayed  on  stand¬ 
ard  2.75-lnch  aircraft  autosNTi  indicators  on  the  model  operator's 
console  (Figure  21): 

a.  Rotor  thrust  -  force  parallel  to  the  rotor  slaft. 

b.  Model  drag  -  aft  force  perpendicular  to  the  rotor  shaft. 

c.  Model  pitch  attitude  -  angle  of  the  tntomnl  base  plate  In 
the  model  with  the  tunnel  horizontal  center  line.  This  is 
not  the  same  as  shaft  angle  to  the  vertical,  as  it  is  meas¬ 
ured  below  the  soft  spring  system  In  the  model  which  allows 
limited  pitching  with  respect  to  the  base  plate. 

d.  Model  collective  pitch  angle 

e.  Model  rolling  moment 

f.  Model  pitching  moment 

g.  Gyro  roll  angle  with  respect  to  the  rotor  shaft 

h.  Gyro  pitch  angle  with  respect  to  the  rotor  shaft  . 


Inputs  to  these  Indicators  came  from  autosyn  generators  mounted 
In  the  model  as  position  pickups  by  use  of  a  cable,  reel,  and 
take-up  spring.  Thrust,  drag, and  moment  readouts  are  force  as 
well  as  position  readings  because  of  the  spring  restraints  to 
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C.  HOroUIBftATIOIt 


Th«  Instnaantatlon  u*«d  In  this  program  falls  Into  two  basic  categories. 

NoAsl  sltiMtloo  display  Instnussntatlon  ^s  necessary  so  that  the 
ao4»1  operators  could  monitor  and  set  up  the  desired  test  condi- 
tiaas.  In  each  tunnel,  the  flow  conditions  such  as  "ci",  density, 
mwa  te^peimture  were  taken  from  tunnel  instrumentation.  Rotor 
RPM  was  displayed  on  an  electronic  pulse  counter  fed  by  a  sta¬ 
tionary  Mipetic  pickup  set  close  to  a  rotating  ■iltltooth  gear 
on  the  model  drive  Jack  shaft.  The  m^>er  of  teeth  on  the  gear 
ads  such  that  60  pulses  were  gsneiated  per  rotor  revolution, 
and  thus  the  counter  road  directly  in  RPM .  Model  motor  tenper- 
•tuxme  were  taken  from  thermocouples  built  into  the  motors  and 
printed  out  continuously  on  a  Brown  temps xature  recorder, 
current,  voltage,  and  cycles-per-second  meters  and  the  necessary 
controls  for  the  current  fed  to  the  model  motors  were  contained 
in  a  model  operator's  console  which  was  part  jf  the  NASA-supplied 
sarlable-frequeney  power  source. 

The  following  model  forces  and  positions  were  displayed  on  stand- 
anl  2.75-lnch  aircraft  autosNTi  indicators  on  the  model  operator's 
console  (Figure  21): 

a.  Rotor  thrust  -  force  parallel  to  the  rotor  shaft. 

b.  Model  drag  -  aft  force  perpendicular  to  the  rotor  shaft. 

c.  Model  pitch  attitude  -  angle  of  the  tntomol  baae  plate  in 
the  model  with  the  tunnel  horizontal  center  line.  This  is 
not  the  same  as  shaft  angle  to  the  vertical,  as  It  Is  meas- 
ui5d  below  the  soft  spring  system  In  the  model  which  allows 
limited  pitching  with  respect  to  the  base  plate. 

d.  Model  collective  pitch  angle 

e.  Model  rolling  mo»nt 

f.  Model  pitching  moment 

g.  Gyro  roll  angle  with  reepect  to  the  rotor  shaft 

h.  Gyro  pitch  angle  with  respect  to  the  rotor  shaft . 

Inputs  to  these  indicators  came  from  autosyn  f^enerators  mounted 
in  the  model  as  position  pickups  by  use  of  a  cable,  reel,  and 
take-up  spring.  Thwst,  dzag,and  moment  readouts  are  force  as 
well  as  position  readings  because  of  the  spring  restraints  to 
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e.  Two  •txmin-9ige  bending,  ■•aaurlng  odd-epen  flap  bending  and 
outboard  flap  bendinr;  reapaetlvely,  located  on  the  aaae  blade 
at  Stations  22  and  U4. 

f.  One  etraln-gjage  torsion  bridge,  msasuring  mid-span  toralon, 
located  on  the  same  blade  as  e.  at  Station  22. 

g.  One  strain-g^ge  bending  bridge,  osasuring  mid-span  chord 
bending,  located  on  the  sane  blade  as  e.  and  f.  at  Station  22. 


The  non-rotating  information  channels  were  as  follows: 

a.  El^t  rotary  potentiometers  were  mounted  on  the  same  shafts 
as  the  eight  autosyn  transmitters  described  in  the  section  on 
!»odel  situation  display  instrumentation  and  recorded  the  same 
eight  model  conditions  of  (a)  thrust,  (b)  drag,  (c)  pitching 
attitude,  (d)  collective  pitch,  ;e)  rolling  moment,  (f) 
pitching  moment,  (g)  gyro  roll  angle,  and  (h)  gyro  pitch 
angle. 

b.  Three  model  body  velocity  pickup#  were  mounted  in  the  model 
parallel  to  the  shaft,  to  a  longitudinal  centerline  (  J_  to 
the  shaft),  and  to  a  lateral  centerline  ( A.  to  the  shaft) 
with  their  active  exes  passing  as  close  to  the  model  c.g.  as 
was  physically  practical.  Unfortunately,  the  vertical  pick¬ 
up  had  to  be  loacated  aft  and  to  the  left  about  U  inches  from 
the  c.g.  For  the  freon  testing,  the  velocity  pickups  were 
replaced  by  accelerometers. 

c.  The  28th  chanr.el  of  Infonratlon  consisted  of  the  output  from 
a  non-rotating  nmgnetlc  pickup  mounted  so  that  a  steel  button 
on  the  rotor  shaft  chain  sprocket  came  in  close  proximity 
once  per  revolution  of  the  rotor,  "nie  button  was  so  posi¬ 
tioned  that  the  resulting  "spike”  on  the  oscillograph  record 
occurred  when  the  <1  rotor  blade  was  in  the  l80* ,  or  straight¬ 
forward,  position. 

So  amplification  was  used  on  any  of  the  signals  fed  to  the 
oscillographs. 

The  power  supply  cart  for  instrumentation  and  model  control  power 
is  shown  in  Figure  This  cart  contained  storage  batteries 

which  autosmtically  provided  emergency  power  in  case  of  failure 
of  the  nonmil  power  source. 

Details  of  the  routing  and  securing  of  the  rotor  wiring  are  shown 
in  Figures  19  and  20. 
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nOUW  19  ROTOR  CliOSEUP  FROM  ABOVE 
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/1 00*  21  MODEL  oreiu TOR'S  COKSOIZ 
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VI.  whd  t^jiwkl  ragre 


Wind  tuniMl  t99t»  vmv  eonduetad  on  th«  Bodal  using  tht  flbtrglnas 
blAdst,  tha  0*  tvlst  aluwl nr  blAd«s,  and  tha  >8*  tvlst  alualnua  bladaa 
in  a  total  of  aaran  dlffarant  rotor  dynaaie  configurations  in  HoraidMr 
and  Dies^ar  19^  in  tha  Langlay  full  Seals  Tunnal  of  tha  KASA.  Thasa 
lasts  InrolTsd  spaads  up  to  106  alias  par  hour  and  load  factors  up  to 
4^.0.  Additions^,  tastff  vara  conducted  on  tha  tvo  alusdnis  blada  config¬ 
urations  in  1963  in  tha  Lan^sy  Transonic  Dynaaics  Tunnsl  (TDT)  of 
tha  lASA  to  spaads  as  high  as  2*0  alias  par  hour  ( simulated  In  standard 
air). 

A.  TBT  PROCmiRI 

n*  tasting  proeadura  used  in  this  prograa  is  totally  dopandant  on  haring 
a  rotor  •  ■odal  eaad>ination  that  is  stabla  in  tha  vind  tunnal.  Ths  vlnd 
tunnal  nodal  tands  to  ba  eoosidarably  lass  stabla  than  tha  saas  dynaaie 
configuration  would  ba  in  fraa  flight  baoa*  >  tha  aodal  has  nalthar 
spasd,  stability,  nor  tha  dashing  dua  to  axial  raloclty  of  tha  rotor  froa 
dlsturhaneas  in  fraa  flight. 

lha  eyelle  trla  syotaao  in  tha  nodal  prorlda  only  tha  capability  for  tha 
oparator  to  trla  oat  undaoirad  staady-stata  nodal  pitch  and  roll  aonants. 
Tha  rssponsa  of  tha  systaas  is  not  rapid  anougb  to  allow  tha  oparator  to 
"fly"  aran  a  oautml  or  "aaro"  stability  eonfiguration.  Stability  of  tha 
rotor-gyro  aodal  syatan  aust  ba  (and  was)  positlrs  for  any  eooflguratlona 
taatad. 

In  rigid-rotor  nodal  taating,  it  is  dangarous  to  rotor  intagrlty  to 
oparata  out  of  trla  with  raspaet  to  pit^  and  roll  aonants,  as  tha  rotor 
tans  ths  ability  to  ganaxmta  ayah  graatar  noasnls  whan  tha  nodal  ia 
a^inst  a  pitch  or  roll  "atop"  than  tha  rotor  could  arar  aoeountar  in 
fraa  flight. 

Dua  to  tha  eons idarat ions  datailad  abora,  it  is  naeasaary  that  nona  of 
tha  paraastars  listed  balow  ba  varlad  nora  rapidly  t*^  tbair  raapaetlTa 
affaeta  on  trla  oan  ba  onooslad  out  by  tha  opamtorh  pitch  and  roll  trla 
ayttans.  Thasa  paraastars  in  an  approslmta  ordar  of  thair  affact  00 
trla  ara: 

1.  Collactiwa  pitch  (wary  sanaitiTa  at  high  "q"). 

2.  Nodal  attltuda  (fairly  aansltlra  at  high  "q"). 

3.  Rotor  (laoo  of  aodal  power  at  high  "q"  with  raaulting 

suddan  daealaratioo  in  RPM  can  ba  disastrous,  as  tbs  trla 
control  powar  daeraasas  Just  whan  it  is  aost  naadad). 
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4.  Tunnel  velocity  -  exeopt  In  the  loir«epeed  transition  region. 

The  eeneltlvlty  to  ehangee  In  tunnel  "q"  vas  very  lov. 

Control  o"  the  model  was  exercised  by  one  or  two  "model  operators"  in 
addition  to  one  man  who  controlled  the  model  motor  settings  and  mon- 
i  to’^d  rotor  and  another  person  who  controlled  the  wind  tunnel 

"q".  The  "model  ooerator"  controlled  the  model  pitchinp  attitude, 
collective  oitch,  and  model  pitch  and  roll  trim  in  addition  to  noni- 
torinp;  thrust,  drar,  and  ^yro  pitch  and  roll  attitudes.  The 
operational  procedure  was  ac  foUorws: 

1.  Bring  the  rotor  up  to  operating  speed. 

2.  Bring  the  tunnel  up  to  the  deelred  speed. 

3.  Adjust  the  Model  attitude  and  collective  pitch  to  give  the  thrust 
and  drag  desired  (noraally  1  "g"  lift  anl  zero  drag). 

4.  Mdce  a  final  adjustoent  of  roll  and  pitch  trim  to  tero. 

5.  Record  the  1  "g"  data  froa  the  balance  and  the  aodel 
Ins  truaentat  1  on . 

6.  Without  changing  eoUeetlve  pitch,  decrease  aodel  attitude  until 
lift  Is  .5  "g",  drag  Is  not  sero,  and  trla  pitch  and  roll  are 
zero.  Record  the  ,3  "g"  data. 

7.  A^ln  without  changing  collective  pitch,  increase  the  aodel 
attitude  until  lift  Is  1.5  "g"  and  record  the  data. 

8.  Repeat  for  2.0  "g";  then  repeat  steps  2.  through  7«  for  the  next 
higher  tunnel  speed. 

At  each  data  point  recorded  in  the  F?r,  oscillograph  data  records  were 
taken  with  the  gyro  both  locked  and  unlocked.  Since  locking  appeared  to 
■ake  DO  appreciable  difference  in  the  data,  only  gyro-unlocked  data  were 
taken  In  the  TOT. 

Ito  trlaeed  gyro-locked  condition  Is  equivalent  to  a  conventional  ewash- 
plete,  which  suggests  that  this  reported  data  Is  applicable  to  a  non- 
gyro-controUed  rlgld-rotor  helicopter.  When  enalnlng  liellcopter  char¬ 
acteristics  which  Involve  deforastlen  of  the  rotor  eyeten,  this  conclu¬ 
sion  appears  to  be  valid. 

However,  the  aodel  was  tested  while  being  supported  through  s  systea  of 
springs  which  allowed  only  Halted  travel  of  the  fuselage  rigid  body 
degrees  of  freedoa.  These  reetrlctlons  and  the  fact  that  Proude  nurioer 
i«s  not  Mtebed  by  the  present  sealing  do  not  allow  a  comparison  of 
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fr«6-fllght  whlelt  chAraet^ristlci  to  b«  oade  between  the  eveshplete 
and  gyro-eootrolled  helicopter  froo  theee  test  remit*.  Section  V 
discuieee  the  aodel  properties  and  sisilaticr. 
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B.  TEST  RESULTS  /U©  DISCUSSION 


The  rotor  coaflgurmtloni  tested  are  outlined  In  Table  3>  The  dat* 
obtalMd  are  tabulated  In  Tables  11  through  22.  Instnaneotatloo  sensi- 
tlTltles  (or  calibration  factors)  are  given  in  Tables  3  through  10. 


Tables  11  through  22  are  reported  as  the  appendix  of  this  report.  A 
xaplete  Index  of  this  appendix  is  given  in  Table  L.  Because  it  vas 
difficult  to  predict  at  the  start  of  the  progrsa  exactly  vhat  asasurt- 
aents  vould  be  aost  valuable,  a  great  deal  of  Inforaation  vas  collected 
vhich  on  subsequent  exaaination  did  not  appear  to  be  of  sufficient  inter¬ 
est  to  Justify  detailed  exaaination  at  this  tlae.  The  pitch  link  loada 
vhich  measure  blade  feathering  torque,  dreg  link  loads  vhich  aeasure 
blade  chordvise  loading,  and  model  bo^  vibration  as  measured  by  velocity 
or  acceleration  pickups  appeared,  upon  examination  of  the  oscillograph 
records,  to  be  the  most  interesting  results  and  are  reduced  and  preaentsd 
'i  detail.  The  rest  of  the  data  is  included  in  Tables  11  through  22, 
along  vith  all  the  information  needed  by  the  reader  to  reduce  and  examine 
any  data  in  vhich  he  may  be  interested.  When  not  othenrise  indicated, 
rotor  Configurations  A  through  H  are  opereting  at  the  nosinal  speed  of 
1053  RFN.  Similarly,  rotor  Configurations  J  through  M  are  operating  at 
the  nominal  speed  of  576  RI'M.  In  all  cases  vhere  V  or  V  is  not 
shovn,  the  speed  is  appraximately  xero.  ^ 

peak  to  peak 

Vibration  results  are  reported  as  2  ,  and  no  further  attempt 

is  made  to  determine  harmonic  content  of  the  oscillograph  records  for  the 
foUcxrlng  reasons:  (1)  velocity  and  acceleration  pickups  of  very  vide 
frequency  range  vere  used,  and  consequently  a  great  deal  of  high- 
frequency  vibration  ("hash")  vas  recorded;  (2)  this  "hash"  shovs  strong 
first  harmonic  content  of  the  rotational  speed  of  the  synchronous  motors; 
and  (3)  the  vibration  levels  recorded  vere  aggravated  by  the  proxiaity 
of  the  second  flap  bending  frequency  of  the  blades  to  3r. 


As  a  result  of  the  above  considerations,  the  vibration  data  offer  a  basis 
for  comparison  of  relative  merits  of  configurations  rather  than  supplying 
actual  vlbimtion  levels. 


FULL  3CALE  TUNNEL  AND  TRANSONIC  DTNAMICS  TUNHEL  DATA 

ibe  presentation  of  reduced  data,  obtained  from  onasured  data  of  the 
appendix,  is  found  in  figures  2k  through  ^2. 

In  order  that  data  may  be  presented  more  reliably  vlth  respect  to  load 
factors,  cross  plots  of  data  versus  model  attitude  vere  made  (Figures  35 
through  and  6l  through  69),  and  values  of  data  at  desired  load  factors 
vere  determined  through  faired  curves  drsvn  through  rav  data. 
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TAIILE  3  OF  f^OTOR  CO 
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Drag  link  and  pitch  link  loads  versus  model  velocity  for  various  load 
factors  are  given  for  Configurations  A  through  H  In  Figures  through  3^ 
Although  these  oscillating  loads  were  principally  first  hannonlc,  the 
peak  to  peak  values  have  been  plotted  v'llch  represent  the  total  oscil¬ 
lating  loads. 

Steady-state  thrust  and  peak-to-peak  oscillating  loads  are  plotted  versus 
model  attitude  for  Configurations  A  through  K  In  Figures  35  through 
The  test  procedure  which  yields  these  results  Is  described  or  i  ■ 
of  this  report. 

peak  to  peak 

Comparative  plots  of  drag  link  and  pitch  link  - ^  data 

for  seven  rotor  configurations  are  presented  in  Figures  U5  through  “il. 
Figures  U5  through  present  plots  of  these  loads  versus  ipodel  veloc¬ 
ities  up  to  10*^  miles  per  hour,  while  Figures  %  and  51  present  plots  of 
these  loads  versus  load  factor  at  lOr'  miles  per  hour.  Drag  link  loads 
appear  to  be  independent  of  gyro  Inertia  (Figure  U7),  blade  sweep^and  hub 
flap  stiffness  (Figure  49)  in  the  50  to  10»"  mlles-per-ho  ir  model  velocity 
range.  The  highest  drag  link  load  Is  exhibited  by  Configuration  A, 
while,  In  comparison,  Configuration  B  exhibits  70  per  cent,  Configurations 
C  and  D  exhibit  30  per  cent,  and  Configuration  E  exhibits  10  per  cent  *n 
the  50  to  10^1  mlles-per-hour  range. 

Drag  link  loads  vary  linearly  with  load  factor  and  are  approxlnately  zero 
at  zero  load  factor.  Figure  33  reports  TDT  drag  link  load  deta  where 
good  correlation  with  FST  data  Is  observed. 

Pitch  link  loads  appear  to  be  Independent  of  blade  sweep  and  hub  flap 
stiffness  (Figure  49)  and  drag  link  stiffness  (Figure  4-').  With  the 
exception  of  the  fiberglass  blade,  which  showed  higher  loads  at  25  miles 
per  hour,  all  the  configurations  show  very  close  to  the  sawie  pitch  link 
loads  at  25  miles  per  hour  and  are  within  jl5  per  cent  at  10^'  miles  per 
hour  (Figures  45,  47,  and  48).  Approxlmte  linear  variation  of  pitch 
link  loads  with  load  factors  Is  exhibited  In  Figures  50  and  51. 

Pitch  link  load  data  for  Configurations  L  and  M  In  the  TDT  were  reduced 
using  the  calibration  of  7  ffcy,  since  the  13  ^fcy  calibration  appears  to 
be  In  error.  To  account  for  the  difference  In  blade  Sj'to  ratios  between 
TDT  and  FST  data,  the  TDT  pitch  link  loads  were  multiplied  b-.  1.23 
(Figure  33).  Cood  coirelatlon  with  FST  data  Is  alao  shown  for  pitch  link 
load  data  In  this  figure. 

Lateral  vibration  levels  were  highest  In  Configurations  A,  E,  and  G 
(Figures  52,  5’’,  and  58,  respectively).  Comparison  of  the  lateral  vibra¬ 
tion  levels  at  10^^  miles  per  hour  of  all  configurations  Indicates  lowest 
levels  were  attained  by  twisted  metal  blades  with  soft  drag  links. 

Elxcept  for  Configuration  D,  Figures  75  and  7^  Indicate  Increase  of 
lateral  vibration  levels  with  Increasing  load  factors  at  I06  miles  per 


^our.  TDT  vibration  readings  Indicated  that  lateral  vibration  levels  are 
no  higher  than  hovering  levels  up  to  lUO  miles  per  hour. 

^peak  to  peak. 

Longitudinal  vibration  (* - )  readings  fell  between  .01  and  .02 

fps  In  the  FST  tests  except  for  Configurations  E  and  F.  Configuration  E 
Indicated  higher  levels  at  all  me  del  speeds,  while  Conf Iguratlon  F  Indi¬ 
cated  Increasing  levels  with  Increasing  model  velocity.  Figures  75  and 
Indicate  no  appreciable  change  of  longitudinal  vibrations  with 
Increasing  load  factor  except  for  Configuration  E,  which  Indicated 
Increasing  levels.  In  the  TDT,  longitudinal  vibrations  did  not  change 
from  hovering  values  up  to  velocities  of  1^*0  miles  per  hour. 

.peak  to  peak. 

Vertical  vibrations  were  between  (  2  '  values  of  .01  and  .02 

fps  for  all  configurations  except  E  and  0,  which  were  50  per  cent  higher. 
Rotor  configurations  and  load  factors  did  not  affect  vertical  vibration 
levels  (Figures  75  and  7^). 

Model  support  springs  were  changed  for  Configuration  M  to  larger  values 
as  shown  In  Figure  13,  to  reduce  observed  iresponse  aaqplltudes  of  the 
model. 

In  order  to  obtain  data  for  a  compound  helicopter,  the  model  was  tested 
at  0.5g  In  the  TDC  at  high  speeds  (Figure  33).  The  highest  slailated 
speed  achieved  was  2U0  miles  per  hour.  These  tests  were  terminated 
because  of  model  mount  failure.  The  model  has  now  been  repaired  and  a 
follow-on  study  Is  In  progress. 


C.  TEST  INCIDENTS  A:D  FAILURES 


During  the  wind  tunnel  testing,  four  Incidents  occurred  which  caused 
vairylng  degrees  of  daunge  to  the  model. 

1.  Fltch-up  Incident  -  While  :  unnlng  Configuration  A  at  10*’  miles  per 
ho-jr  with  tne  attitude  nose  up  to  obtain  2.5  "g",  the  model  pitched  nose 
up  against  the  pitching  moment  stop.  This  created  about  2.8  or  more  "g" 
and  ver..  large  nose-up  rx-ment  on  the  rotor.  The  high  flap  bending  loads 
on  the  hub  at  this  combination  of  high  load  factor  and  high  rotor  mcanent 
caused  the  doubler  plates  which  provide  part  of  the  hub  flapping  stlff- 
.ness  to  yield.  This  reduction  In  stiffness  resulted  In  a  decrease  In 
compliance  correction  (pr^/?X)  and  therefore  a  considerable  decrease  In 
the  static  stability  of  the  model.  This  Instability  In  pitch  caused  t.he 
model  to  nose  up  until  the  body  contacted  the  pitching  stop,  whereupon 
the  rotor  tip  path  plane  continued  to  oltch  up  until  the  blade  tips 
struck  the  tall  cone.  A  contributing  factor  to  this  Incident  was  the 
failure  of  the  autosyn  generator  which  transmitted  model  pitching  mon.  nt 
to  the  operator's  console.  The  z^sult  of  this  failure  was  that  the 
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pitching  moment  Indicator  continued  *0  show  near-zero  pitching  moment 
while  the  model  wa*  actuall>  pitching  nose  up.  This  Incident  emphasizes 
the  Importance  of  nmlntalnlng  pitch  and  roll  trim  of  the  model  and  thus 
the  dependence  of  this  type  of  testing  on  the  moment  readout  system. 

After  this  occurence  a  second,  adjustable,  nose-up  stop  was  Installed  In 
the  model  with  a  warning  light  to  show  if  the  model  was  near  or  on  the 
stop.  This  provided  a  redundant  indication  of  gross  pitching  moment. 

The  location  of  the  new  stop  was  well  forward  of  the  center  of  lift  of 
the  roto".  Thus,  when  the  model  pitches  up  and  rontacta  the  stop,  the 
Increase  In  thrust  that  accompanies  the  Increased  angle  of  attack  will 
ro^te  the  model  nose  down  about  the  pitch  stop. 

Damage  In  this  Incident,  shown  In  Figure  22,  was  confined  to  the  tall 
cone,  blade  tips,  and  the  removable  doubler  plates  used  to  vnry  hub  flap¬ 
ping  stiffness.  The  hub  Itself  was  not  damaged. 


2.  Glass  Blade  Failure  -  After  all  of  the  basic  flberg^ss  blade  Config¬ 
uration  E  tests  were  completed,  an  attempt  was  made  to  use  these  blades 
for  the  "soft  hub"  configuration  tasts.  Shortly  after  the  tunnel  was 
started,  the  ^3  blade  failed  at  Station  22  and  separated  from  the  model. 
The  cause  of  this  failure  was  poor  design  of  the  blsule  In  that  a  large 
change  In  chordwlse  stiffness  and,  therefore,  a  stress  concentration 
existed  at  the  point  of  failure.  This  weakness  was  aggravated  by  opera¬ 
tion  for  sevmral  minutes  at  the  blade  first  chord  natural  frequency  while 
In  the  process  of  determining  blade  fre-iuencies.  The  fiberglass  "D"  spar 
failed  progressively  toward  the  leading  edge  starting  at  the  forward  end 
of  the  first  inV  aard  trailing  edge  slot.  This  thxew  the  chord  load  Into 
the  steel  "I"  spar,  which  was  never  Intended  to  be  able  to  carry  an  appr» 
clable  chord  load.  The  "I"  spar  fatigue  failed  In  bending  and  departed 
radially,  shredding  the  fiberglass  "D"  spar  and  trailing  edge  as  It  left. 
The  blswie  stub  Is  shown  In  Figure  23.  The  resulting  5000-pound  rotating 
unbalance  resulted  In  considerable  minor  damage  to  the  body  shell  and 
Instrumentation  as  well  as  bending  one  spindle  of  the  hub.  The  hub  was 
straightened,  magnafluxed  and  used  through  the  resmlnder  of  the  program. 

3.  Model  Power  Loss  -  While  Configuration  K  was  being  run  In  the  TDT  at 
of  UO  p.s.f.  In  a  1.0  "g"  drag  trlamed  (nose  down)  condition,  the 

power  supply  to  the  rotor  drive  motors  failed.  The  rotor  decelerated  to 
less  than  one-half  normal  PPM  almost  Instantly.  The  model  pitched 
nose  down  and  rolled  left  hard  against  the  stop.  Tunnel  "j"  was  cut,  the 
model  collective  pitch  was  radueed  and  the  model  was  nosed  up  In  attitude. 
However,  the  model  was  badly  out  of  trim  In  roll;  and  as  the  rotor  con¬ 
tinued  to  slow  down,  the  upper  surface  of  the  #3  blsule  buckled  due  to 
excessive  up-bendlng  loads  between  Station  I9  and  Station  25.  This 
Incident  emphasizes  the  danger  Inherent  in  any  sudden  change  which 
affects  pitch  and  roll  trim  beyond  the  capability  of  the  operator  to 
retrim.  No  other  damage  was  found  as  a  result  of  this  Incident. 
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FIGURE  ?2  M?DEL  DAMAGE  IR  PTTGR  UP  TNCTDTfT 


FIGURE  ?3  ROTOR  DAMAGE,  FIBraGLASS  BLADE  FAILURE 
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k.  >lod»l  Haunt  F%llur»  -  While  Conflguretlon  M  vas  being  tested  at 
one>heir  lljrt  and  approxlimtely  l-l/?*  nose-down  attitude  (drag  un- 
triassd)  at  106  in  the  TOT,  the  eleetrcsMchanleal  actuator  used  to 
position  the  aodel  pitching  attitude  parted,  thus  leaving  the  aodel  coe»- 
pletely  free  In  pitch.  The  nodel  be^  to  pitch  nose  up  very  slowly. 

This  pitching  seetd  to  accelerate  until  the  nodel  was  about  30*  nose  up. 
'IT>e  resulting  untrlneied  pitching  iscssent  coupled  with  the  very  large  lift 
tfat  would  result  frr-  30*  angle  of  attack  at  10*'  "4"  apparently  was 
sufficient  to  shear  first  the  rljdit  trunnion  bolt  and  then  the  left  bolt, 
whereupon  the  nodel  separated  completely  from  the  nount,  rolling  and  yaw¬ 
ing  to  the  left  and  rising  sllfljitly  as  it  flew  back  down  the  tunrel.  It 
was  subsequently  determined  that  the  actuator  fnllui^  was  a  structural 
fatlg^ie  tyoe  of  failure.  It  has  not  been  possible  as  yet  to  determine 
the  source  of  the  loading  wt.lch  caused  this  failure.  Two  possible  causes 
of  the  failure  are: 

a.  Accunilated  load  daamge  from  Incidents  1,  2,  and  3  above,  which 
resulted  in  cracks  that  were  not  large  enough  to  be  found  in  the 
dlsassesfcly  and  Inspection  (no  X-rays  were  taken)  of  the  act'Uitor 
which  occurred  prior  to  the  Installation  of  the  model  in  the  TOT. 

b.  Fatigue  due  to  bending  loads  on  the  act'iator  caused  by  interfer¬ 
ence  within  the  body. 

Because  of  a  time  delay  in  the  tunnel  balance  readout,  the  data  obtained 
when  the  model  started  to  go  actually  represented  conditions  Just  prior 
to  the  failure  and  showed  that  no  large  or  unu3\ial  loads  were  being  gen¬ 
erated  by  the  model  at  the  time  of  the  failure. 

The  rotor  was  almost  totally  destroyed  (althou»di  only  the  tip  welatits 
actually  detached  themselves  from  the  model),  and  the  body  shell 
b^ly  darmged.  Towever,  little,  if  any.  damge  was  sustained  by  the 
internal  parts  of  the  model  such  as  the  rotor  shaft,  drive  system. 
Ir.strumer.tatlonjand  Inertia  frame. 

This  appears  to  have  been  a  structural  fatigue  failure  not  related  to  the 
particular  rotor  conf ig’jrctlon  being  tested  at  the  time. 
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FIGURE  26  DRAG  UNK  AND  PITCH  UNK  LOADS  VS. 

MODEL  VELOCITY  FOR  CONFIGURATION  C 
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FIGURE  27  DRAG  LINK  AND  PITCH  LINK  LOADS  VS. 

MODEL  VELOCITY  FOR  CONFIGURATION  D 
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FIGURE  29  DRAG  LINK  AND  PITCH  LINK  LOADS  VS. 

MODEL  VELOCITY  FOR  CONFIGURATION  F 
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DRAG  LINK  LOAD 
FIRST  HARMONIC  -  LBS  x  10“ 


PITCH  LINK  LOAD 
FIRST  HARMONIC  -  LBS 


M-1.0,  TRIMMED 
A,  B,  C,  ETC.  -  CONFIGURATION 


(SEE  TABLES) 


FIGURE  32  PITCH  LINK  LOAD  SUMMARY  CURVES 
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PITCH  LINK  LOAD 


ADVANCE  RATIO 
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Legand:  On«0.5 
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FIGURE  34  DRAG  LINK  AND  PITCH  LINK  LOADS  VS 
ADVANCE  RATIO  FOR  CONFICiUR  ATI  ON  H 


FIGURE  J5  THRUST,  DRAG  U  NK  AND  PITCH  U  NK  LOADS  VS. 

MODEL  ATTITUDE  -  CONFIGURATION  A 
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LX)AO  I  LOAO 


■OTK:  TlKWr  -  SRAET  LOAD;  PTPCI  AID  IlUO  LUK  LOADS 
PIAK  TO  PEAK  OaCILUmO  LOADS 


riGURE  36  THRUST,  LRAG  UNK  AND  PITCH  LINK  LOADS  VS. 

MODEL  ATTITUDE  -  CONFIGURATION  B 
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_  > _ LOAD  I  .  LOAD 


WCrre;  THRUST  •  STEADY  LOAD  fCDEL  A'TTTTUD*’.  oi  DFG. 

PITCH  AXD  DRAG  LDfK  LOkDS  -  PEAK  TO  PEAK  OSCILUTIRG  LOADS 


THRUST,  DRAG  LUSK  AND  PlICH  LINK  LOADS  Vs, 
MODLL  ATTITUDE  -  CON  El  GUR  A  IT  ON  C 
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FIGURE  37 
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FIGURE  i»  THRUST,  DRAG  LI^K  AND  PITCH  UNK  LX)Al).s  Vs. 

MODEL  ATTITUDE  -  CONFIGURATION  D 
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ovoT  '  avm 


■OW:  TWUSl  >  srtAPt  ICMD 

PITC*  UfD  CMC  umc  LOADS  •  PMK  TO  PBUC  OSCILUTIBS  LOADC 


FIGURE  39  THRUST,  PRAC  UNK  AND  PITCH  UNK  LOADS  VS. 

MODEL  ATTITUDE  'CONFIGURATION  E 
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FIGURE  41  THRU  T,  DRAG  UNK  AND  PITCH  UNK  LOADS  VS. 

MODEL  ATTITUDE  -  CONFIGURATION  G 
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l>.  .U.  3  -  I  i«3 


NOTE:  TtnWST  ■  SRAOT  LOAD 

PITCB  AM)  OHAG  LINK  LOADS  .  PEAK  TO  PEAK  OSCILLATING  LOADS 


•  Pitch  Unk  model  ATTITUDE,  a  -  DEG. 
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A  Dreg  Link 


FIGURE  4Z  THRUST,  DRAG  LINK  AND  PITCH  LINK  LOAD'.  VS 
MODEL  ATTITUDE  -  CONFIf.UKATIO.N  H 
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rIGURE  43  THRUST,  DRAG  LINK  AND  PITCH  LINK  LOADS  VS 
MODEL  ATTITUDE  -  CONFIGURATION  H 
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FIGURE  44  THRUST,  DRAG  LINK  AND  PITCH  LINK  LOADS  VS. 

MODEL  ATTITUDE  -  CONFIGURATION  K 
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PITCH  UN.-:  LOAD  DRAG  LINK  LOAD 
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riGURC  50  C0MPAP150N  OF  DRAG  AND  PITCH  LINK  LOADS 
between;  CONriOUIlATIONS  B  AND  C 


PITCH  LINK  LOAD  1  A  DR  AC,  LINK 


FICiURE  51  COMPARLSON  OF  DRAG  AND  PITCH  LINK  LOADS 
iU:r  WEEN  CONFIGURATIONS  D  AND  E 
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LATERAL.  LO.^ITUDINAL  AND  VERTICAi^ 
VIBRATION  VS  VELOCITY  FOR  CONFIGURATION  C 
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FIGURE  56 


LATERAL,  LONGl  TUDIN AL,  AND  VERTICAL. 
VIBRATION  VS  VELOCITY  FOR  CONFIGURATION  E 
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FIGURE  61  LATERAL,  LONGITUDINAL, AND  VERTICAL  VIBRATIONS 
VS  MODEL  ATTITUDE  FOR  CONFIGURATION  A 
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FIGURE  62  l^TERAJL.  LONGITU01NA1..ANO  VERTI CAE  VIBRATIONS 
VS  MODEL  ATTITUDE  FOR  CONFIGURATION  B 
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PEAK  TO  PEAK  -  rPS  PEAK  TO  PEAK  -  TPS  PEAK  TO  PEAK 


FIGURE  63  LATUIAL,  LONGITUDINAL,  AND  VERTICAL.  VDRATIONS 
VS  MODEL  ATTITUDE  FOR  CONFiaURATION  C 
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FIGURE  68  LATERAL,  LONGITUDINAL, AND  VERTICAL  VIBRATIONS 
VS  MODEL  ATTITUDE  FOR  CONFIGURATION  H 
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FIGURE  69  LATERAL,  LONGITUDINAL,AND  VERTICAL  VIBRATIONS 
VS  MODEL  ATTITUDE  FOR  CONFIGURATION  H 
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VERTICAL  VIBRATION  t,ONG.  VIBRATION  LATERAL  VIBRATION 


FIGURE  70  COMPARJSON  OF  LATERAL,  LONGITUDINAL  AND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIGURATIONS  A  AND  B 
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VERTICAL  VIBRATION  LONG.  VIBRATION  LATERAL  VIBRATION 


FIGURE  71  COMPARLSON  OF  LATERAL,  LONGITUDINAL,  AND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIGURATIONS  B  ANP  C 


VERTICAL  VIBRATION  LONG.  VIBRATION  LATERAL  VIBRATION 


FIGURE  7Z  COMPARLSON  OF  LATERAL,  IXDNGITUDINAL.  .\ND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIC'.UR ATIONS  C  AND  D 


VKRTICAL  VIBRATION  LONG.  VIBRATION  LATERAL  VIBRATION 


□  Conf ii(uration  D;  hard  hub,  X  *  1  .  S 
O  Configuration  F;  soft  hub,  X  •  I .  ^) 


FIGURE  74  COMPARISON  OF  LATERAL,  LONGITUDINAL  ,  AND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIGURATIONS  D,  F,  a;;D  G 
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FIGURE  75  COMPARISON  OF  LATERAL.  LONCITUOXNAL, AND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIGURATIONS  B  AND  C 
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FIGURE  76  COMPARISON  OF  LATERAL,  LONGITUDINAL, AND 
VERTICAL  VIBRATIONS  BETWEEN  CONFIGURATIONS  D  AND  E 


FIGURE  77  OaCILLOQfUH  RECORDS  -  CONFIGURATION  A 
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FULL  3C»TJ;  raPTL  AHD  'WMg  UnaiC*?  TOWgL  DATX 
(DMcriptloo  of  toot  cooflgurKtlona  ar*  prMMt«d) 

TfcBIZ  k 

Dcex  OF  Tear  Pfei* 

TABLE 

■},  TITLE 

5  CallbratlOD  Factor*  for  Hiiaiirint  of  Dynaalc 

Load*  >  Coofl^uratlon  A . .  126 

6  Calibration  Factors  for  Naasureaant  of  Tiynaaic 

Loads  •  Conf l«uratloos  B,  C,  and  D .  127 

7  Calibration  Factors  for  Masureaant  of  Dynamic 

Loads  >  Configuration  B . .  126 

8  Calibration  Factor*  for  HMSuraasnt  of  Dynamic 

Loads  -  Confi^iratlcns  F,  C,  and  H .  12^ 

9  calibration  Factors  for  Hsasurei ■  ut  of  D^'namlc 

Loads  •  Configurations  J  and  K .  130 

10  calibration  Factor*  for  NMSumeot  of  D^‘naaic 

Loads  •  Configurations  L  and  M .  131 

11.1  tfaiM  11.11  Configuration  A.. .  132-1A2 

12.1  thru  12.11  Configuration  B .  Il»3*l53 

13.1  thru  13.13  Configuration  C .  15U>l66 

lA.l  thru  1L.12  Configuration  D .  167-178 

15.1  thru  15.12  Configuration  E .  179- IQO 

16.1  thru  16.12  Configuration  P .  191-202 

17.1'thru  17.13  Configuration  G . . .  203-215 

16.1  thru  16.12  Configuration  H .  216-227 

19.1a  thru  19.7b  Configuration  J . . .  22''>-CUo 

20.1a  thru  20.5b  Configuration  K..  .  .......  2^1-250 

21. La  thru  21.6b  Configuration  L.....  .  .......  251-266 

22.1a  thru  22.5b  Configuration  K  .  ......  267-276 


125 


ITEM 


-IPACI. 

NO. 


CAUBBATIOH 

FACTOR 


MSQ. 


(INCHEg) 


_ 

#1  -  Drag  LlrUt 

7 

4.08 

208 

Ibo/in 

•2  -  Drag  Lank 

8 

3.71 

387 

Ibo/lr. 

#3  -  Drag  Link 

9 

3  42 

288 

Ibo/in 

*1  -  Inhd  Flap 

10 

- 

- 

#2  -  Iiihd  Flap 

11 

2.85 

054 

in-lhs/in 

•3  -  Inlid  Flap 

12 

2  55 

021 

In-lbo/ln 

*1  -  Pitch  Link 

13 

2  22 

•134 

Ibo/in 

•2  -  Pitch  Unk 

14 

1.83 

-140 

Ibo/ln 

•3  -  Pitch  Link 

15 

«1  -  Mid  Chord 

20 

4  48 

2,000 

lo-lho/tn 

*1  •  Mid  Flap 

22 

3  87 

334 

In-lbo/in 

•1  -  Mid 

Tonlon 

24 

3  SO 

-1.310 

in-lbo/ln 

#1  -  Outbd.  Flap 

28 

2  73 

144 

In -Ibo/in 

Model  Attitude 

27 

2.41 

13.4 

des/in 

Collective  Pitch 

2» 

1.80 

12.4 

deg/in 

#1  -  Cjrcllc  Pitch 

18 

1.00 

10.8 

deg/in 

#2  -  Cyclic  Pitch 

17 

on 

12  8 

deg/in 

*3  -  CycUc  Pitch 

11 

0.40 

11  t 

deg/in 

Gyro  Roll  Poo. 

4.12 

0.0 

deg/ln 

Gyro  Pitch  Poo. 

21 

4.10 

0.0 

deg/ln 

Thrust 

S3 

0.02 

Ibo/ln 

Drm^ 

31 

lit 

to 

Ibo/in 

RoU  Momoot 

23 

2.00 

020 

in-lbo/ln 

Pitch  HooMBt 

SS 

2.00 

400 

In-lboAn 

Lot  Vlbrmtloo 

St 

0.171 

Cpo/in 

Loaf.  Vlbrotloa 

20 

0.114 

fpo/lo 

Vert.  Vlbrottoo 

22 

0.M7 

tpu/iM 

NOTE:  PITCH  UNK  ■ 

INBOARD  TORSION 

SIGN  CONVENTION 

DRAG  UNK  k  PITCH  UNK; 

TENSION  B  POSmVE 

FLAPWISE  BENDING:  COMPRESSION  UPPER  SURFACE  B  POSTITVE 

CHORDWBE  BENDING:  COMPRESSION  L. 

E.  B  POSITIVE 

TORSION:  NOSE  UP  ACTION  LOAD  B  POSTITVE 

ALL  NOSE  UP  PITCH  ANGLES  ARE  POSmVE 

ALL  RIGHT  olDE  rOWN  ROLL  ANGLES  ARE  PGSITTVE 

TABLE  5  CALIBRATION  FACTORS  FOR  MEASURLMENT 
or  DYNAJbflC  LOADS  -  CONFIGURATION  A 
TEST  DATES:  NOV.  30,  1962  -  DEC.  4,  1962 
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TRACE 

ZERO 

CALIBRATION 

ITEK 

NO. 

(DCBES) 

FACTOR 

rl  •  DRAG  LDK 

6 

A. 22 

109  (s) 

LBS/ 3. 

«2  -  DRAG  LDK 

7 

3.9A 

35A  (H)  LBS/ 3.  112  (S) 

IBS/ 3. 

•  3  .  DRAG  LDK 

8 

3.70 

295  (H)  LBS/ 3. 

#1  -  DDQARD  F 

13 

- 

- 

f2  -  INBOARD  F 

lA 

1.89 

990 

3>LBS/'3. 

#3  .  INBOARD  F 

li 

1.6A 

980 

3.LBS/3. 

#1  -  PHCB  LDK 

16 

1.30 

132 

LBS/  3. 

F2  -  PITCH  LDK 

17 

1.00 

138 

LBS;3. 

#3  -  PUGH  LDK 

18 

0.75 

157 

#1  -  NIDSPAI  C 

20 

A.AA 

1,760 

3.LBS/'3. 

irl  -  MIDSPAN  F 

22 

3.83 

300 

3-IJ6/3. 

.  NIDSPAI  T 

2A 

3.30 

1,A90 

3-LaS/3. 

#1  -  ouno.  F 

26 

2.6A 

190 

3-LBS/ 3. 

NOOCL  ATTITUIK 

27 

2.A1 

13. A 

IBO/B. 

COLL.  PITCH 

29 

1.58 

U.A 

IEC./3. 

#1^CLIC  PITCH 

1'' 

2.90 

U.A 

ICC'3. 

#2-CTCLIC  PITCH 

U 

2.63 

U.6 

'xo;3. 

F3-CTCLIC  PITCH 

12 

2.33 

12.2 

OBO/3. 

GTRO  ROLL  POS. 

19 

A.72 

9.9 

DEO/  3. 

GYRO  PITCH  POS. 

21 

A. 12 

9.0 

DEC/ 3. 

th:hot 

33 

0.62 

390 

LBS/3. 

DRAG 

31 

1.18 

80 

LBS/ 3. 

ROLL  NOKIt 

23 

3.56 

263 

3-LB8/'3. 

PITCH  tocnr 

25 

2.95 

357 

ZI-LBS/3. 

LAX.  VIBRATION 

28 

0.171 

FPS/3. 

LONG.  VIBRATION 

30 

• 

O.UA 

FPS/3. 

VERT.  VIBRATION 

32 

• 

0.057 

FPS/3. 

WrZLi  PITCH  LDK  «  DOCMKD  TOHSIOS 

B  •  Hkm  DRM  LDK,  S  •  30VT  DMC  LDK 


SlOK  COWVLIglM 


DRAG  LDK  4  PITCI  LDK:  VMSim  IS  FOGZTIVK 

fLAIWXSE  KIDDB:  CCMPICSSZaa  UPiSB  SUVAa  13  POSITIVE 

CBORDWIS  KaDDB:  CCMPn^m  L.K.  IS  POSETIVS 

TORSION:  NOSE  UP  ACTION  LOAD  IS  P06ITIVI 

ALL  NOSE  UP  Paci  AJOLCS  AM  POSSIVK 

ALL  RlGSr  SHE  DOWN  NOLL  ANCLES  ARE  POSITIVE 


TABLE  6  CALINRATIOH  FACTORS  FOR  WASOiMUff  OT 
DTNAMIC  LOADS  .  COVIDURATIONS  B,  C,  AID  0 
TEST  DATE:  DEC.  7,  1962 
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TRACE 

ZERO 

CAL3RAII0I 

HEM 

NO. 

(INCHES) 

FACTOR 

^1  .  DIUO  LDO: 

6 

'♦.29 

59 

LBS/D<. 

P2  -  DRAG  LDIK 

7 

3.79 

67 

LBS/ IN. 

#3  .  DRAG  LDCC 

8 

• 

• 

il  -  INBOARD  ? 

13 

• 

• 

#2  .  HBQARD  P 

lU 

2.21 

1,000 

IN-LBS /IN. 

i‘3  -  INBQARD  P 

15 

1.91 

1,010 

IN-LBS/ IN. 

#1  .  PITCH  LINK 

16 

1.32 

156 

LBS/Df. 

it2  -  PITCH  LDK 

17 

0.97 

146 

LBS/ IN. 

#3  -  rrrcH  ldk 

Id 

0.70 

151 

LBS/ IN. 

#1  -  HIDSPAN  c 

20 

l♦.U5 

118 

IR-LBS/IM. 

#1  -  MIDSPAR  P 

22 

• 

• 

#1  .  MIDSPAR  T 

2k 

• 

• 

#l  -  OUTBD.  P 

26 

- 

- 

MODEL  A3T1TUIE 

21 

2.U1 

13.4 

DEG/IN. 

COLL.  PITCH 

29 

1.5a 

11.4 

ISO/ IN. 

#1  -  CYCLIC  PITCH 

10 

2.90 

11.4 

lEG/DI. 

#2  -  CYCLIC  PITCH 

11 

2.63 

11.6 

i‘3  -  CYCLIC  PDCH 

12 

2.33 

12.2 

lEG/'DI. 

GYRO  ROLL  POS. 

19 

U.72 

9.9 

DEG/ IN. 

GYRO  PITCH  POS. 

21 

'4.12 

9.0 

oeo/iN. 

THWOT 

33 

0.62 

390 

LBS/IN. 

DRAG 

31 

1.18 

80 

LBS/IN. 

ROLL  Mowirr 

23 

3.56 

263 

H-LBS/II. 

PITCH  M^icnrr 

25 

2.95 

357 

IN-LBS/DI. 

LAT.  VZBRATIQI 

28 

• 

0.171 

pps/n. 

LOIC.  VIBRATION 

30 

• 

0.U4 

PPS/DI. 

VEKT.  VIBRATIOI 

32 

0.057 

FP6/DI. 

ROTi;  PITCH  LDK  - 

DOQAiC  TORSIOI 

SIGH  cowvgifriai 

ORAO  LDK  4  PITCI  LDK:  TERSIOH  £3  POSITIVB 

PUJWiai  KID  DC:  CQMPIBSSIOI  UPPER  3URPACB  IS  POBITIVE 

CBORCWISE  KIDIIO:  CCMPKSSIDI  L.E.  IS  POSITIVE 

TORSIOI:  lOa  UP  ACTIOI  LOAD  IS  POSITIVB 

ALL  lOSE  UP  Pim  AKUS  AK  POSITIVB 

ALL  RHatr  SDB  OOWI  ROLL  AKUS  AK  PQSlTr  B 


TABLE  7  CALORATIOI  PACTOB  POR  KASUfOCIT  GT 
DTIANIC  LOADS  .  COKIOURATIOI  B 
TEST  OASES:  BC.  U,  1962  .  KC.  13,  1962 
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TRACE 

ZERO 

CALIBRATION  ] 

ETEN 

NO. 

( INCHES) 

FACTOR 

#1  .  DRAO  LINK 

6 

91 

LBS/ IN. 

#2  .  DRAO  LINK 

7 

121 

LB3/IH. 

#3  -  DRAO  LDK 

8 

• 

#1  -  DfBCARD  FLAP 

13 

• 

n2  .  INBCARD  FLAP 

lU 

1110 

IN-LB3,  Dl. 

m  -  INBOARD  FLAP 

15 

lOOfJ 

DI-LBS/rn. 

#1  -  PITCH  LINK 

16 

l>i6 

LBC/Df. 

#2  -  PITCH  LINK 

17 

1A2 

LBS/W. 

#3  -  PITCH  LINK 

18 

• 

#1  .  MID6PAN  CHORD 

20 

IN-LB3,  LN. 

i*!  -  MIDSPAN  FLAP 

22 

• 

#1  -  MIDSPAN  TORS. 

2U 

ISv'Xj 

JN-LBS  IN. 

-  OUTBOARD  »•’>? 

26 

184 

IN-LBS/ IN. 

NOKL  ATTETUIK 

27 

2.31** 

14 

XO/IN. 

COLL.  FETCH 

29 

11.1 

CKO/ IN. 

#1  -  CYCLE  PITCH 

10 

10.7 

CEO/  D). 

#2  -  CYCLE  PITCH 

u 

12.3 

DBO/IN. 

#3  -  CYCLE  PITCH 

L2 

n.3 

LEO/IN. 

OYRO  ROLL 

19 

10.0 

CEO/ IN. 

OYRD  PITCH 

21 

13.0 

D£<G/  Hi  • 

THRUST 

33 

385 

LBS/IN. 

DRAG 

31 

156 

LBS/IH. 

ROLL  focirr 

23 

A17 

IN-LBS  *J«. 

PITCH  NQNEIIT 

25 

380 

DI-LBS/DI. 

LAT.  VIBRATIOII 

28 

.171 

FPS/IN. 

LONO.  VIBRATION 

30 

.U4 

FPS/IH. 

VERT.  VIBRATIOII 

\  ■  ■  ‘ 

32 

1 

_ 1 

.057 

FPS/DI. 

_ i 

•  FOR  uluiAnn)  ROTOR  ii  -3*^,  2.36  roR  scrr  bub 

*•  FOR  UDiCAIED  ROTOR,  0.6?  FOR  .3°*  AMD  0.68  FOR  SOFT  HUB 


NOTE:  FETCH  LDK  »  EiBQARD  TORSION 


3IQW  CONVEWTIOH 

DRAG  Lrjf<  &  FETCH  LDFC:  TEKSIOH  IS  POSmVE 

FLAIVI3E  BEHDIMO:  CQHPFCSSIOII  UPPER  SURFAa.  13  POSITIVE 

CHORDWISE  HEMDne:  COHP.«.SSION  L.E.  13  lOSITrOi 

TORSIOM;  N03E  UP  ACTION  LOAD  IS  POSITIVS 

AU  NOat:  UP  PITCH  AKJLES  ARE  POSITIVE 

ALL  RIGS"  311E  DOWN  ROLL  AJ«SL£S  ArC  POSITIVE 


TABI2  9  CALIBRATION  FACTORS  FOR  MEASUftXEffr  OF 
DITtAMIC  LOADS  -  COflFIOURAT mrn  F,  0,  -AND  E 
TEST  DATES:  DEC.  19,  1962  -  DSC.  20,  1^^62 
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ITEM 

TRACE 

NO 

ITATIC  ZERO 
(INCHES) 
RUN31 

STATIC  ZERO 
(INCHES) 

RUN  32 

CAUBRATION 

FACTOR 

•  1  -  Dmg  Link 

42  -  Drag  Lank 
•3  -  Dmg  Link 
#1  -  InlO.  Flap 
•2  -  Inbd.  Flap 
#3  -  Inlvl.  Flap 

41  -  Pitch  Link 

42  -  Pitch  Link 
«3  -  Pitch  Link 
•1  -  Mid  Chord 

•  1  -  Mid  Flap 
«1  -  Mid 

Torsion 
-  Outbd  Flap 

1-3 

1-4 

1-5 

1-10 

1  11 
1-12 
1-13 
1-14 

1- :a 

2- 6 

2-8 

2-10 

2-12 

5.64 

5.33 

5.  17 

2  84 

2  58 

2  08 

1  67 

1.75 

3.  84 

3.26 

2.68 

2  17 

5.74 

5  47 

5. 16 

3. 15 

2  91 

2.20 

1.90 

1.62 

4.56 

3.76 

3.07 

2.43 

103.200 

104.403 

105  606 

1061 

1038 

172  807 
169.546 
181.610 
2080 

430 

1716 

166.7 

Ibs/in 

Ibs/in 

Ihs/in 

In-lbs/ln 

in-lbs/in 

Ibs/ln 

Ibs/in 

Ibs/in 

In-lbs/in 

tn-lbs/ln 

in-lbs/ln 

in-lbs/ln 

Model  Attitude 

2-11 

2.40 

2.57 

6.7 

deg/in 

Collective  Pitch 

2-13 

1.80 

2.00 

4.9 

dog/in 

#1  -  Cyclic  Pitch 

1-7 

4.11 

4.35 

23 

deg/in 

*2  -  Cyclic  Pitch 

1-8 

3.90 

4.04 

23 

deg/in 

#3  -  Cyclic  Pitch 

1-9 

3.42 

3.85 

23 

deg/in 

Gyro  Roll  Pos 

2-3 

4.89 

5.20 

3.45 

deg/in 

Gyro  Pitch  Pos. 

2-5 

4.11 

4.84 

5.24 

deg/in 

Thrust 

2-17 

.61 

.85 

293 

Ibs/in 

Drag 

2-15 

1.28 

25.4 

Ibs/in 

Roll  Moment 

2-7 

4.08 

Pitch  Moment 

2-8 

3.43 

Lat.  Vibration 

2-14 

1.54 

1.85 

2.7 

la?/,. 

Long.  Vibration 

2-16 

.94 

.96 

2.5 

FPS*/, 

Vert.  Vibration 

1-16 

.95 

2.47 

2.8 

SIGN  CONVEWnON 

DRAG  UNK  L  PITCH  UNK:  TENSION  IS  POSITIVE  _ 

FLAP«VISE  BENDING.  COMPRESSION  UPPER  SURFACE  IB  POSITIVE 
CHORDWISE  BENDING;  COMPREWON  L.  E.  IS  PtWTIVE 
TORSION:  NOSE  UP  ACTION  LOAD  IS  POWTIVE 

ALL  NOSE  UP  PITCH  ANGLES  ARE  POSITTVE _ 

ALL  RIGHT  SIDE  DOWN  ROLL  ANGLES  ARB  POSITIVE 


TABLE  9  CALIBRATION  FACTORS  FOR  MEASUREMENT  OF 
DYNAMIC  LOADS  -  CONFIGURATIONS  J  AND  K 
TEST  DATES:  MAT  7  R  8.  1963 


mtaTC 

ZMO 


male 


CALWMm 

rtetoa 


mu 


TMa 

K>. 


33 


•>!  .  DfUO  LUK 
#2  .  DMO  Lim 
#3  .  DMO  LW 
#1  .  OOD.  riAP 
#?  ■  UBD.  riAP 
#3  •  no-  njtf 
#1  •  PITCI  LOK 
#2  .  Pim  LOK 
#3  •  pnoi  LOB 
#1  .  MIS  CIOR) 
#1  .  NO)  PUP 
#1  .  HIS  TONSIOH 
#1  .  (wm>.  PiAP 


V-3 

1-4 

1-5 

1-10 

1-11 

1-12 

1-13 

1-14 

1- 15 

2- 6 
2-e 
2-10 
2-12 


5.91 

5.54 

5.33 

3.23 

2.97 

2.29 

2.01 

1.77 

4.12 

3.49 

2.96 

2.05 


5.«3 

5.48 

5.36 

3.24 

3.01 

2.U 

1.92 

1.T7 

4.21 

3.49 
2.9k 
2.31 


HOOKL  MTmni 
coLLicrra  poci 
#1  -  CTCLZ;  PBCI 
#2  -  CTCLE  PBCI 
#3  -  CTCLE  PBCI 

oriD  mu.  poe. 

aim  PBCI  poe. 


2-U 

2-13 

1-7 

1-8 

1- 9 

2- 3 
2-5 


2.49 

1.61 

4.41 

4.17 

3.86 

5.» 

4.82 


2.53 

1.78 

4.39 

4.09 

4.03 

5.00 

4.71 


2-17 

2-15 

2-7 

2-9 


.62 

1.23 

3.80 

3-18 


.62 

1.14 

3.77 

3.17 


ua.  TXMBI 
uai.  Ti 
viw.  »i 


ICB 


2-lk 

2-16 

1-16 


1.6o 

.99 

.91 


1.59 

.99 

.90 


iMirE 

am 

(BCBB) 
wi  35 


5.79 

5.49 

5.13 

3.2k 

3.00 

2.26 

2.02 

1.74 

4.U 

3.72 

3.14 
2.23 


2.50 

1.97 

4.44 

4.06 

3.72 

5.13 

4.60 


.62 

1.32 

3.72 

3.14 


1.66 

1.07 

.91 


102.238 

106.252 

107.049 

1061 

1061 

174.654 

174.654 

174.654 

»6o 

426 

1162 

156 


6.7 

4.9 

14.0 

12.6 

15.2 

3.45 

5.24 


25.4 


2.7 

2.5 

2.5 


LI3  B. 
LM/B. 
LK/B. 

OL.Lie/01. 

B-LBB/B. 

BB/B. 

LB/B. 

U6/a. 

B-LW/B. 

B-LW/B. 

B-UB/ni. 

B-UB/B. 


ma/JM. 

EBB/B. 

laa/B. 

BB/B. 

BS/B. 

vm/a. 

ma/a. 


LM/B. 

LM/B. 


iy2/B. 

ljj£/B. 


DMO  LOK  6  PBCI  LOB:  SMEH  B  POSErm 

PLAfWSB  BMBD:  COMBMIOH  UPfU  »limi  B  POBirm 

(BMMIB  BM>aBt  OaMMlM  L.B.  B  PMSm 

TOMEI:  IDM  UP  «Cm  UMD  B  POeBm 

AU  MB  UP  PBCI  AMLM  AM  POBBIVI 

AU  nMT  SOB  BOW  mu  AMLM  AM  fOUTm 


TUtK  U.l 


CrWIOOWkTTOli  A 


<1T?1 

OSCILLCXMA9H  teCOlO 


AVf  2A 


■ - 

KDUCEO  DATA 

AVC 

2A 

UNITS 

CYC 

■fv. 

^  >  Dx««  Llak 
#2  •  Srvx  Link 
#3  •  Omti  U* 


#1  -  rijv  1 10  3.011 

#2  -  UM.  n«o  n  u  3.1' 

#3  .  Ubd.  ria*  U  IP  2.U 


S-  ritcfc  Ltali  I  13  9.90 

-  Pttck  LSak  I 
#3  -  ri*^  Uak  I 


#1  •  Nld  Chord 
#l  -  Hid  Flap 
#1  -  HU  Toraloa 
#1  -  0«tbd.  n«o 


Nodal  Attltuda 
Collactt**  Pitch 
#1  -  Cpclle  Pitch  I  16 
#2  •  Cpcllc  Pitch  I  17 
#3  •  Cyclic  Pitch  I  14 


Qyro  Roll  Poo. 
Oyre  Pitch  Poo. 


nmol 
t>x«<< 
RoU  No 
Plt-h  M 


Lot.  VlbmtloB 
Lo^.  VlhlOtlCN 
/ort.  vXbmtloB 


lOh  lb 

Ilk  lb 

106  lb 


fSr  la-lb 
903  la-lb 


U  Ih 


360  l»-lh 
110  l»>lh 
l»>lh 
kt  lN.lh 


tuts  U.J 


CCKriatSATIJM  A 


B  •  1.06 


•  2S  WH 


2tmn  tlBk 
9rB2  link 
Ormx  :.lak 


lafei.  Flap 
labi.  Flap 
lab>2.  Flap 


Pitch  I.lak 
Pitch  tiak 
Pitch  tlah 


#1  -  Mid  Ch  rtf 
#1  •  Mltf  Flap 
#1  -  Mltf  Tor«l» 
#1  -  Otitbi.  Flap 


Modal  tttlt:jtf« 
CcllactlvB  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  Roll  Poa. 
lyro  Pitch  Poa. 


Poll  Maaaat 
Pitch  KoDca* 


lat.  /Ibratlon 
VlhiatloB 
Van.  VlbratlCD 


#1906 

OSCILLOGtAPH  IfCOlO 


lEOUCEO  DATA 


CYC 

AVt  2A  UNITS  l£V. 


5  ).01 

3.16  7.«o 

).?9  2.30 


).a3  0.3a 
2.01  0.70 
2.90  0.79 


•192  2U9 
-330  257 
-U.9  220 


2.30 

3.a«  3.21  I  3.1o  I  0.27 

15  1.33  1.0a  l.ly  j.ey 


1.36 

2.07 

o.a 

0.353 

0.070 

fpa 

1.35 

0.21 

0.232 

0.02h 

rp« 

O.ol 

0.05 

_ L 

OaOSO 

i _ i 

0.027 

fpa 
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HMU 


’Liautnoi  A 


1)3 


t&BU  u.s 


coMFUJuriai  k 


•  ■  .$1 

T.  -  so  IVM 


#1  •  Z)it  tiak 
#2  -  5m*  Link 
#3  -  Dm*  Llak 


#1  .  loM.  Flap 
#?  .  labJ.  Flap 
#3  -  labJ.  Flap 


#1  •  Fitch  Liak 
#e  •  Fitch  Llak 
#3  •  Fitch  Llak 


•  Mid  Chord 

-  Mid  Flap 

•  Mid  Toraloa 

-  Otttbd.  Flap 


Modal  kttltvjd* 
tsllactlm  Fitch 
#1  •  cyclic  Fitch 
#7  -  Cyclic  Fitch 
#3  -  Cyclic  Fitch 


3yro  tell  Fob. 
Ijrro  Fitch  Fob. 


Thraat 
5m* 
Foil  M 
Fitch  I 


lat.  vihmtloR 
Icor.  vihmtloa 
•  art.  VlhmtlOD 


#17M 

OSCILLOCaAFH  UCdO 


KHHiCEO  DATA 

AVt 

2A 

UNITS 

CYC 

l£V. 

136 


T„  •  so  Nm 

ITEM 


#1799 

OSCILLOG«AfH  tECOtO 


{1  .  Si««  Link 
?  -  9r«i«  Link 
#3  -  Dm*  Link 


#1  •  IntKi.  rinr 
fs  .  IntKl.  rlnp 
#3  .  Inbd.  rinp 


#1  •  rttcb  Link 
#e  •  rttcb  Link 
#3  -  Pitch  Link 


#1  -  MU  Chord 
#1  -  MU  rinr 
#1  -  MU  Toraloa 
#1  -  Ootbd.  rinp 


Model  tttltute 
Collectlm  Pitch 
#1  -  Cyclic  Pitch 
#S  -  Cyclic  Pitch 
#3  -  C  ellc  Pitch 


3yro  HoU  Poe.  11  IV 
lyro  Pitch  Pan.  1]  21 


Thr'-i«t 

Roll  Mot  sit 
Pitch  Mckco 


KEDUCEO  DATA 

AVE 

2A 

UMTS 

CYC 

tfV. 

Lnt.  vihmtloc  29  2.39 

Long.  vibmtloB  I  30  I  1.61 
Vert.  Vlhretlon  32  I  l.U 


33  1.79 

31  1.97 

23  3.61 

25  3.U 
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ta>UCED  DATA 


TkhU  11.8 


cj«F::iiur:cB  t 


TABU  11.9 


:jNFlJUHATiaN  A 


n  •  .S 

#1793 

OSCILLOGRAPH  RECORD 

-  106  "W 

ITEM 

Q 

Q 

MAX 

MIN 

AVI 

2A 

-  Dng  Mak 

1 

3.76 

3.26 

Rl 

0.50 

^  -  Drd*  Lirdc 

3.07 

2.67 

0.60 

#3  -  Dr««  Link 

1 

3.U3 

2.78 

m 

0.65 

#1  -  Ihbd.  rup 

M 

#2  -  Inbl.  Flap 

la 

3.22 

2.66 

0.58 

#3  -  labd.  Flap 

1 

2.69 

2.25 

HH 

0.U6 

fl  -  Pitch  Link 

2.98 

2.76 

0.66 

.  Pitch  Link 

Ui 

3.92 

3.77 

0.30 

#3  -  Pitch  Uak 

15 

1.18 

0.86 

0.65 

#1  -  N18  Chord 

20 

U.lk 

3.96 

U.05 

0.18 

^1  -  Nld  Flap 

22 

b.53 

3.73 

U.13 

0.80 

#1  •  Mid  Torsion 

2U 

3.35 

3.28 

3.32 

0.07 

#1  -  Outbd.  Flap 

26 

luQlt 

2.83 

3.Ut 

1.21 

Modal  Attltud* 

27 

1.U7 

0 

Collaetlrs  Pitch 

29 

mWn 

2.22 

ESI 

0.01 

#1  -  Cyclic  Pitch 

16 

■d 

1.35 

BCl 

0.26 

f2  -  Cyclic  Pitch 

17 

1.26 

1.08 

1.17 

0.18 

#3  -  Cyclic  Pitch 

18 

1.11 

0.79 

0.95 

0.32 

Oyro  Roll  fo«. 
Ojrro  Fitch  Po«. 


Thruot 

Drug 

Roll  MoMiit 
Pitch  MoMOt 


19 

21 


)) 

31 

23 

25 


It. 81 
3.9ii 


1.03 

1.12 

3.55 

3.27 


U.78 

3.92 


1.01 

1.12 

3.51 

3.23 


lt.80 

3.93 


1.02 

1.12 

3.53 

3.25 


0.03 

0.02 


0.02 

0 

O.Qli 

o.oa 


-0.5 

-2.3 


154 
-  5 
•  36 
115 


0.3 

0.2 


8 

0 

21 

18 


d*g 

MI 


lb 

lb 

ifi'lb 

in-lb 


l«t.  Vibrmtion 
Loji«.  Vibmtioo 
Vert.  vlbmtioD 


28 

30 

32 


2.30 

1.71 

1.11 


1.97 

1.32 

0.52 


2.1U 

1.52 

0.82 


0.)) 

0.)9 

0.59 


0.366 

0.173 

0.007 


0.056 

O.OUi 

0.0)1 


fp« 

fpt 

fpe 


tiBU  11.10  CONriJlXUTIGM  A 


11791* 

n  ■  1,U6 

OSCILLOGtAFH  RECORD 

1  REDUCED  DATA 

-  106  KW 

■ 

11 

ITEM 

■ 

CYC 

MAX 

MIN 

AVE 

2A 

AVE 

2A 

UNITS 

RfV. 

•  Dr««  Link 

7 

U.17 

M 

3.1*it 

l.b7 

189 

b35 

lb 

^  •  Dr««  Link 

6 

3.17 

2.n 

1.21 

•3b5 

bbb 

lb 

#3  •  Dr««  Link 

9 

3.77 

2.32 

3.05 

l.b5 

-106 

a5 

lb 

41  .  UM.  rinp 

10 

■1 

^  .  Ubd.  rinp 

U 

3.26 

3.17 

IE9 

0.09 

353 

66 

ia-lb 

#3  •  zabd.  rinp 

12 

2.35 

2.55 

0.30 

136 

276 

la-lb 

-  ntch  Link 

13 

2. (tit 

2.1*6 

2.65 

0.36 

■1 

n 

lb 

M  -  ritch  Uak 

Ik 

3.93 

3.55 

3.7b 

ES3 

lb 

#3  •  rueh  UMk 

15 

1.33 

0.39 

0.66 

Ik 

tiaa 

H  -  Mid  Chord 

20 

4.21 

3.65 

3.93 

0.56 

•1100 

mo 

la-lb 

H  .  Mid  FlJt) 

22 

u.so 

3.70 

b.25 

1.10 

127 

367 

la-lb 

ll  •  Mid  ToreloB 

2U 

3.39 

3.27 

3.33 

O.U 

-  39 

-157 

la-lb 

n  •  Ovtbd.  flap 

26 

3.3ii 

2.26 

3.06 

1.56 

b8 

225 

la-lb 

Model  Attitude 

9 

2.30 

2.30 

0 

•1»5 

n 

6«f 

ColleetlTe  Fitch 

ta 

mm 

0 

7.6 

6H 

#1  -  Cyclic  Fitch 

16 

IS9 

ISl 

0.73 

b.6 

Rsfl 

bag 

^  -  Cyclic  Fitch 

17 

l.h3 

1)61 

1.23 

O.bO 

5.8 

bag 

#3  -  Cyclic  Fitch 

10 

1.26 

0.65 

0.97 

0.63 

6.6 

m 

bag 

Oyro  Roll  Foe. 

H 

h.dl 

b.79 

b.oO 

0.02 

-0.5 

bag 

Oyro  Fitch  Foe. 

1 

3.75 

3.71 

3.73 

O.Qb 

-b.l 

bag 

Thruet 

33 

1.79 

1.78 

1.79 

0.01 

b56 

b 

lb 

1 

I>re« 

31 

1.52 

1.51 

1.52 

0.01 

27 

1 

lb 

u 

RoU  McMnt 

23 

3.56 

3.57 

3.56 

0.01 

-  10 

5 

la-lb 

1 

Pitch  Noneat 

25 

2.97 

2.93 

2.95 

o.Jb 

-  23 

16 

lo-lb 

lAt.  Vlhretloo 

26 

■ 

2.03 

0.U7 

0.)b7 

0.060 

f>a 

Long.  Vlbretloo 

30 

DBI 

1WT» 

l.bO 

0.160 

O.OUl 

fpe 

Vert.  Vlbretloo 

32 

1.21 

0.81* 

Oe7U 

0.048 

0.048 

L^__ 

rp$ 
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tUtf  u.u 


COHPlr>lfuriON  A 


B  •  1.69 
9),  ■  106  NM 
iTCM 


#1795 

OSCILLCXi«A#H  IKOftO 


T«. 


MAX 


MIN 


AV€ 


2A 


R0UCCO  DATA 


AVE 


2A 


UNITS 


CYC 

UV. 


^  •  Di««  Link 
#2  -  Malt 

#3  -  Dt«b  Lta;-. 


U.59 

3.59 

S.M 


2.03 
1.50 
|K>.li4 


3.31 

2.55 

2.53 


2.56 

2.09 

5.3ii 


-228 

-U2o 

-255 


758 

767 

1527 


lb 

lb 

lb 


#1  -  Idbd.  Flap 
#e  -  labd.  Flap 
#3  -  Ubd.  Flap 


3.1t6 

2.95 


3.10 

2.62 


3.28 

2.79 


0.36 

0.33 


UlO 

221 


3i>3 

30ii 


In-lb 
in- lb 


61  -  Fitch  Llak 
R  -  Pitch  Mak 
h  -  Fitch  Liak 


2.88 

1.59 


2.u3 

0.17 


2.66 

0.88 


0.k5 

1.U2 


59 


■o 


-60  I  lb 
calibration 


I  H  -  Mid  Chord 

I I  -  Mid  PUp 

I  >1  •  Mid  Toraioa 
lH  •  Oothd.  Flap 


b.52 

b.90 

3.U0 

3.87 


3.28 

3.7U 

3.26 

2.2U 


3.90 

b.32 

3.33 

3.06 


1.2b 

1.16 

O.M 

1.6} 


-IloO 
150 
-  39 
bo 


2b30 

3-7 

-10} 

235 


in-lb 

in-lb 

in-lb 

in-lb 


Modal  Attituda 
Collactiva  Fitch 
#1  -  Cjrclic  Fitch 
S/i  •  cyclic  Fitch 
#3  .  Cyclic  Fitch 


2.61 

2.22 

1.95 

1.50 

1.33 


2.61 

2.21 

1.10 

1.12 

0.61 


2.61 

2.22 

1.53 

1.31 

0.^7 


0.01 

0.95 

O.Ji 

0.72 


2.7 

7.7 
b.7 

6.8 

6.7 


0 

0.12 

9.0 

b.8 

8.5 


aa< 

8ai 

dag 

oag 

oag 


Ojrro  Roll  Foa. 
^rro  Fitch  Foa. 


b.3l 

3.69 


b.79 

3.67 


u.  jo 

3.68 


0.02 

0.02 


-0.  > 

-6.6 


Thruat 

Drag 

Roll  Maaaat 
Fitch  Moaat 


2.15 

2.U 

3.52 

3.23 


2. U 
2.10 

3. b9 

3.20 


2.13 

2.11 

3.>1 

3.22 


O.Ou 

0.01 

0.03 

0.03 


589 
7b 
-  b7 
101 


0.2 

0.2 


oa«; 

oag 


16 

1 

16 

lb 


lb 

lb 

in-lb 

in-lb 


lat.  VibiatioD 
Loaf.  VibmtioB 
'•'art.  Vihratioa 


2. m2 
1.7b 
1.29 


1.68 

1.28 

0.b7 


2.05 

1.51 

0.89 


0.7u 

0.b6 

0.90 


0.351 

0.172 

o.om 


0.127 

0.052 

O.Oh6 


fpa 

fpt 

foa 


U2 


IkBLt,  H.l 


n  •  .? 

»M  •  0  f'-W 

ITEM 

*i-n 

OSCILLOGtAPH  RECOtO 

REDUCED  DATA  | 

n 

MAX 

MIN 

AVE 

2A 

AVE 

2A 

UNITS 

CYC 

REV. 

#1  -  nr*  -  Ma. 

m 

■1 

■1 

4?  -  !)  «  •  LIjw 

7 

3. -.7 

3.  id 

0.1> 

lb 

lad 

#3  •  Dr*.-  LIua 

a 

3.t3 

3.20 

3.32 

m 

b6 

lb 

160 

#1  •  Inti,  rla;^ 

■ 

■I 

■1 

m 

#?  -  Inb;.  KUf 

B 

:.2j 

EBI 

^4  • 

y 

In-ll 

1 

#3  -  lab;.  Flap 

15 

_ j 

1.97 

i.ai* 

m 

0.13 

265 

127 

4n>lt 

1 

#1  -  Pl-wch  I.la)! 

I 

0, 7u 

0«o6 

0.10 

-  78 

16 

lb 

3 

K  -  Pitch  nia;( 

o.?y 

0.20 

0.09 

-lOU 

12 

lb 

3 

#3  •  Pitch  Llaii 

B 

O.Ul 

0.33 

Bnl 

0.00 

-  oO 

13 

lb 

3 

#1  -  Mlj  rh,i-l 

2J 

3.59 

3*wb 

3.51. 

0.11 

-ISbt 

196 

In-lb 

m 

#1  -  Mid  Ha, 

22 

Mo  iU 

ora 

#1  -  MU  Torsion 

2(4 

3.33 

3. 2d 

3.31 

0.05 

15 

75 

In-lb 

#1  -  Oitb:.  r'lap 

2b 

2.33 

2.10 

■ 

0.17 

-  7U 

32 

in '•lb 

■ 

M.-f'cl  tttlt  1  le 

27 

2.140 

-  0.1 

C.  llectlve  Pit'  h 

29 

2.30 

0.2 

.5 

a«e 

u 

#1  -  Cyfllf  Pitch 

IJ 

3.70 

3.-ib 

3.b3 

0.0(4 

8.7 

•  IlO 

3  n 

#n  -  Cyclic  Pitch 

11 

3.2v 

3.2> 

3.27 

O.ou 

7.6 

•Uc> 

#3  -  Cyclic  Pitch 

12 

2.7b 

2.72 

2  a  9u 

o.ou 

7.6 

•  a? 

u#,; 

H 

lyn  toll  Pol. 

i 

PH 

-  0.7 

lyro  Pitch  Pti. 

1 

U.13 

0.1 

Thnst 

33 

1.35 

dl4 

lb 

t'ra- 

31 

1.30 

lb 

Roll  M orient 

23 

3.1.0 

-  21 

ln>lb 

Pl-  'h  Morent 

25 

3.11 

57 

in-lb 

I,at.  Vibration 

2d 

2.20 

1.38 

0.32 

0.055 

fpt 

1*3 

T^-.  vibration 

30 

1.57 

1.33 

0.214 

0.027 

fp« 

Vert.  Vlbimtloo 

12 

0.  .7 

0.76 

0,?1 

0.012 

fpa 

1 

* 

- U - 
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TABU  12.3 


ITIM 


^  •  Bi«<  I.U* 
|e  .  Bm*  Llak 
#3  .  Draa  Li^ 


1*4.  ria» 

.  1*4.  nav 


flSTI 

OSCillOGtAPH  teCOlO 


Tt. 


IB 


.  1*4.  na*  1 13 


-  rtt*  Lt*  n  i6 

-  rit*  u*  I  IT 

-  Pit*  u*  1 18 


A  -  *4  Ckor4 
0  -  Mid  PUp 
#1  -  Hid  Torsion 
0  •  Oa«M.  Plap 


Modal  Attltodo 
CoUartlsa  Pit* 
0  •  Cyclic  Pit* 
0  .  Cyclic  Pit* 
0  -  Cyclic  Pitch 


9yro  Roll  Poa. 
Tyro  Pitch  Poo. 


Thrust 

Dma 

Poll 

Pit* 


I«t.  Vltratl'si 
Lnaic.  vibmtlco 
vart.  vibrntloB 


* 

0 


3.kk 

3  10 


0.0 

•.5* 

1.3B 


3  « 

Mb  Hi 

3.0 

l.?3 


J  0B 
3. BO 
3.00 


?.?1 

1.0 

1.10 


MJN 


2.«B 

1.B0 


7.11 

1.00 


0.59 

..06 

1-0 


1.0 

i« 

3  79 
0.31 


3. 31 
7.0 
3  <e 


1.00 

1.0 

o.f* 


AVI 


3  0^ 
3.0» 


3  77 

1.0 


0.73 

O.TO 

l.B? 


3.» 


33 

0 


3  0 
7  19 
3.5T 
3.16 
7.05 


B  fe 
3.0 


1.0 
1.70 
B.TO 
3  10 


2A 


O.0B 

O.flP 


0.33 

0.0 


0.70 

0.37 

0.?B 


0.0 

0.07 

0.0 


O.Bf 


0.33 

0.35 

O.Bb 


1 


•TOORATTOM  B 


tCOUCEO  DATA 


AVt 

2A 

UNITS 

CYC 

UV. 

_ 

COAAAACNTS 

•317 

■ 

m 

H 

*-  -«4  at  .0  •  lW>* 

0 

le 

m 

*s  fVd  at  ^  •  137* 

3T6 

H 

■ 

*a  flap  at  9'  '  377* 

03 

H 

1 

*1  flap  at  ^  •  300* 

-  75 

r 

Ib 

1B3 

nu  at  9t  (  nq* 

•  Bl 

BB 

lb 

*3 

na  at  ^ 

105 

0 

lb 

IB3 

*s  mi  at  9  >  71* 

-16C0 

50 

iB.lb 

1 

*B  fad  at  9  ■  710* 

B5 

10 

In-  Lb 

in 

-  03 

179 

In- lb 

H 

*■  f  '.ap  at  9*  7BB* 

n 

n 

■ 

B21 

*a  at  9  ■  9* 

Bl 

B2l 

*s  at  ^  a  T* 

m 

H 

H 

*S  •»  9  ■  351* 

-  1.0 

R 

-  7  0 

H 

10 

lb 

? 

lb 

70 

• 

la.  lb 

07 

t 

1 

la- lb 

• 

0.056 

«>• 

IB 

O.OBO 

PP4 

0.075 

L. 

IH 

I 


TABIZ  i?.)  rom'ir 


D"  .7L 

Vj,  -  25  HW 

ITEM 

OSCILLOGtAPH  lECOtO 

i 

AAAX 

MIN 

AVI 

_ 

2A 

i\  -  Smx  Mok 

- 1 

^  •  T>r%4i  Link 

7 

3.30 

2.85 

3.08 

0.k5 

#3  •  Dr*ff  Link 

8 

k.21 

3.73 

3.97 

0.k8 

#1  •  Inbi.  riM^ 

N 

m 

B 

f?  -  Inbi.  rinp 

2.05 

2.25 

WEi 

#3  -  labd.  Flap 

1 

■ 

1.63 

1.90 

#1  -  fitch  Link 

16 

0.76 

0.62 

B 

c  16 

K  -  Pitch  Link 

17 

#3  -  Pitch  Link 

c 

0.70 

0.60 

B 

0.10 

20 

3.63 

3.k7 

3.55 

0.16 

#1  -  Mid  rup 

28 

lo  Mm 

>r* 

#1  •  Mid  Tor*  ion 

2k 

3.3’ 

#1  -  OutbJ.  flnp 

26 

1.07 

O.A 

0.86 

0.63 

Model  Attitude 

27 

1.15 

CollectlTe  Pitch 

29 

2.19 

#1  -  Cyclic  Pitch 

10 

3.66 

3.65 

3.56 

0.21 

^  -  Cyclic  Pitch 

11 

3.28 

3.06 

3. 17 

0.22 

^3  -  Cyclic  Pitch 

It 

2.93 

2.76 

2.85 

0.17 

Oyro  Roll  Poe. 

19 

h.68 

dfTO  Pitch  Poe, 

21 

6.00 

Thruet 

33 

1.22 

I>i«« 

31 

1.19 

Roll  M(Mnt 

23 

6.12 

Pitch  NoMnt 

W 

3.13 

Let.  VihretloD 

2fl 

2.15 

H 

0.21 

Loos.  VihietloD 

30 

1.65 

DEl 

0.21 

Vert.  VlhretioD 

30 

1.07 

0.71 

0.36 
_ 1 

WLI 


CrWiaUMTToa  • 


■'abij:  1.  .6 


murionwrion  p 


oomaoMTTca  b 


ISI 


tau  13. 1 


owiauMTToa  c 


O^llOGtAPH  »ECC*D 


REDUCED  DATA 

AVE 

1 _ 

2A 

UNITS 

CYC 

REV. 

COMMENTS 


tl  •  Di««  Link 
t  •  Di«k  Link 
#3  -  Dtm  Link 


#1  -  rinp 

#e  •  InbJ.  rinp 

#3  .  Ihbd.  rinp 


-  Pitch  Link 

-  Pitch  Link 
•  Pitch  Link 


fl  -  NKl  Chord 
#1  -  Nld  rut 
#1  •  Hid  Torklon 
#1  •  Outhl.  Flap 


Hod«l  kttltud* 
Collhctlvc  Pitch 
#1  -  Cyclic  Pitch 
#e  •  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


3yro  Roll  Po«. 
Oyro  Pitch  Po». 


Thrukt 

Roll  Hownt 
Pitch  M<m’. 


Lnt.  Vlhmtlor. 
Looc.  VlhThtlOO 
V*rt.  Vlhmtloo 


134 


MBLi  13  2  conauunoR  c 


#2029 

1 

DDH 

OSCILLCX^UPH  RECOtD 

1  lEOUCEO  DATA 

■ 

ITEM 

■ 

CYC 

I 

MAX 

MIN 

AVI 

2A 

AVE 

2A 

UNITS 

IfV. 

il  •  Di«c  Link 

6 

2.55 

2.k2 

2.1^ 

o.U 

-  188 

Ik 

lb 

^  -  Dr««  Link 

7 

l.8o 

1.70 

1.T9 

0.10 

-  2k5 

11 

lb 

#3  -  I>7««  Link 

#1  .  labd.  riafi 

R 

H 

im 

^  -  labd.  Flap 

2.39 

2.15 

0.00 

79 

la>lb 

1 

#3  -  laM.  flap 

M 

1.85 

m 

l.K 

0.11 

m 

108 

la- lb 

1 

#1  -  Fltck  Link 

16 

o.ko 

0.30 

0.35 

0.10 

125 

13 

lb 

k 

^  .  Pitch  Link 

17 

#3  -  Pitch  Link 

l8 

1.32 

1.20 

1.26 

0.12 

80 

19 

lb 

lAk 

>1  -  Mid  Cbjrd 

80 

3  61 

3  W 

3.55 

0.13 

-1566 

229 

la-lb 

1 

1 

H  -  Mid  flap 

88 

1 

>1  •  Mid  Torsion 

2k 

3.26 

-  60 

la- lb 

3 

h  -  Outhd.  Flap 

26 

1.36 

1.13 

1.25 

•  26k 

kk 

la- lb 

3 

Modal  Attitude 

27 

2  39 

-  0.3 

dac 

ColLactlTa  Pitch 

29 

2  51 

10.6 

tec 

-  Cyclic  Pitch 

10 

3.50 

6.08 

tec 

^  -  Cyclic  Pitch 

11 

3  10 

3  15 

3.17 

0.03 

6.3 

0.3 

tec 

1 

f3  -  Cyclic  Pitch 

12 

2.8r 

2.08 

2.85 

0.05 

6.0 

0.6 

tec 

Oyro  Roll  Poa. 

19 

n 

tec 

dyro  Pitch  Poa. 

21 

^.19 

0.03 

■ 

0.3 

tec 

2 

Thrust 

33 

1.72 

k29 

lb 

Drag 

31 

1.2k 

5 

lb 

RoU  MoMiit 

23 

3  39 

k5 

in- lb 

Pitch  Moeant 

Lat.  VlhratloD 

28 

2.25 

1.9k 

0.31 

tv 

3 

Long.  VlhiatloD 

30 

1.58 

1.36 

0.22 

0.025 

fpa 

3 

Vart,  Vlhiatloo 

32 

0.99 

D.70 

0.29 

7P« 

3 

- L 

_ 

MS 


OSCILLOGRAPH  ICCOtD 

ITEM 

T«. 

No. 

MAX 

MIN 

AVE 

2A 

tl  •  Dra^i  Llak 
?  -  Di««  Link 
#3  •  I>T««  Link 


#1  -  Pitch  Link 
|e  •  Pitch  Link 
#3  -  Pitch  Link 


#1  -  Nld  Clkord 
#1  .  Hid  FUi 
#1  •  Hid  Torkl^n 
#1  •  Outhl.  PInp 


Hodal  IttHal* 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Ojro  Roll  Poe. 
■^ro  Pitch  Poe. 


Thrcet 

Ore.? 

Poll  Ha-ent 
Pitch  Marent 


Let.  Vlhrmll'Ti 
Vlbre'lon 
Vert.  Vlhrmlloo 


2.57  3.0# , 

1.6J  2.37  1.27 


1.96  2.03  0.h7 
1.50  1.79  0.50 


0.66  0.91  0.36 
l.to  1.77  0.31 


3.55  3.T6 

2.65  3.2fl|  1.25 

3.26  3.29  I  0.10 

0.90  1.62 
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n  t 


oscmocaAfH  ttcoto 


ITtM 

1 

1 

MIN 

AVI 

2A 
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1 
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0.61 
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Wl 

0.18 

#e  .  lalx:.  Flap 
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2.11 
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1$ 
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m 
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■ill 

#1  -  ritcb  Llax 

16 

1.95 

0.81 

0.91 
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IT 

#3  •  ritch  Llak 

18 

2.11 

0.91 

1.51 

1.20 

#1  •  Hid  Chord 

TO 

1.90 

1.69 

1.80 

0.21 

#1  •  Hid  FUr 

» 
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11.76 

5.U> 

0.76 

•  mu  To.-ti**) 

Th 

l.lli 

1.29 

1.12 

0.05 

^  •  (hstbl«  flA(. 

26 

1.80 

1.03 

l.h2 

0.77 

Hodal  kttltoda 

27 

■ 

2.18 

H 

Collect lv«  Fitch 

2» 

Hi 

2.91 

^  •  Cyclic  Fitch 

10 

2.70 
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^  -  cyclic  Pitch 

u 

o.u 

^3  •  Cyclic  Fitch 

u 

IQ 

HI 

9yro  HcU  Fm* 

1 

■ 

■ 

h.Tl 

■ 

3ypo  Pitch  Poa. 

21 

■ 

■ 

1.91 

■ 

Tbr-itt 

Dmri 
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Fitch  Na-^a*. 

1  ^ 
1 

y  2s 

m 

1 

lat.  Vlhratlon 
liOM;*  Vitiation 
Vtrt.  Vibration 

28 

yo 

12 

2.22 

1.57 

l.lh 

1.91 

1.16 

0.58 

1 

Bl 

riMunoB  c 


MDUCID  DATA  1 

a  •  .91 

9..  SOM* 

AVI 

2A 
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CYC  1 
MV.  1 
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.126 

44 

Ih 
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IMb  M  at  •  ■  119* 

.167 

68 

lb 

■1 

Haa  tad  at  •  ■  Mb’ 
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lii.lh 

■i 

IkF  flap  at  •  ■  205* 
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In.  lb 

■1 

Hta  at  «  a  100* 

.49 

12 

lb 

ibi 

itoa  aa  at  9  a  99* 

U9 
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164 

ika  an  at  f  •41* 

•  1126 

170 

la.lb 

162 

IMi  IVa  at  9  ■  268* 

191 

mSm 

U.lb 

U1 

Ifca  nap  at  9  a  joo* 

10 

iCT 

ln.lb 

6 

.212 

H 

la.lb 
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IMa  nap  at  9  •  lU* 

m 

■ 

H 

•H 

HI 

IMa  ^  at  9  *22* 

kbI 

KSl 

6b| 

Naa  «.  at  9  *16* 

■ 

«aa 

m 

Ha  at  ?  •  JST* 

■ 

«•« 

IH 

D 

■ 

■ 

m 

■ 

lb 

■n 

lb 

105 

la.  lb 

18 

ln.lb 

m 

0.05: 

fpa 

H 

0.02. 

fpa 

■ 

0.0)3 

* 

fpb 

H 

i«o 


{1  -  tr%4\  Mn>i 
?  -  I.lnk 
#3  -  DT%r  Link 


#1  .  Iiibi.  FIap 
-  Inb  i.  FUr 
#3  •  :  ibJ.  Flap 


#1  -  Pitch  Link 
#3  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  MU  Chord 
#1  •  Mid  FU| 

#1  -  Mid  Tore  loo 
#1  -  Outhl.  Flap 
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#1  -  Cyclic  Pitch 
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#3  -  Cyclic  Pitch 


Oyro  Roll  Poe. 
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Roll  Monent 
Plt'h  Morent 


Lnt.  V  lb  ret  Ion 
Vlbretlon 
Vert.  Vlbretlon 
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OSCILLOGtAPH  tECOCD 


T«. 

f].  MAX 
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2A 
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CYC 
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23 
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25 
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67 
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i.n 


1.05 

2.11 
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).)ti 

i.eo 


l.Oh 

2.T2 

2.50 
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2.86 
2. lb 


2.02 

l.hb 


0.81 

0.91 


3.69 

h.Tb 

3.29 

1.03 


2.22 

l.ST 

l.lh 


2.T0 
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2.12 
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3.06 
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1.78 


0.91 

1.51 


3.80 
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1.32 

l.U 
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0.58 


2.18 

2.01 

2.87 
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6.71 

3.21 


1.35 

1.10 

1.26 

3.00 


2A 


0.60 

0.61 


0.18 

0.28 


0.26 

1.20 


0.21 

0.76 

0.05 

0.77 


0.16 

0.61 

0.18 


IBM3CEO  DATA 


AVI 


•126 
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218 
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2A 
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•0.2 


12 
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75 
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6.8 
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-0.1 
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•6 
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18 
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0.21 

0.56 
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CYC 
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lb 

U 


la-lh 
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la-lh 

la-lh 


lb 

16 

la-lh 

la-lh 
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r»* 

fpd 


lAl 
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U1 

6 
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Ih*  flap  at  • 
iMa  nap  at  • 


•  205* 
a  100* 


aa  at  9  •  79* 
:  a«  at  9  *61* 
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? 
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•t 
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m 
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19 
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0.6 

Em 
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31 
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Em 
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33 

0.91 
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lb 
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31 

1.10 
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lb 

Roll  Moraent 
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2.85 
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■ 
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O.kl 
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3 
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30 
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f9a 

3 
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0.66 
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2T 

29 
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9 

9 

76* 

Ikk  nu  at 

f 

9 

68* 
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t 
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• 
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f 
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0.22 
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32 
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0.62 

0.68 
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•  Bmc  Llafe 

•  Dnc  Llak 
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iM 
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1* 
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U 

H! 
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It 
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n 
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1 
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1 

m 

1 
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2A 
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#1  -  Mid  Chord 
#1  -  Mid  KUp 
#1  •Mid  Torsion 
#1  -  Outb!.  Flap 
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|1  -  Cyclic  Plt''h 
#C  -  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


Gyro  Roll  Pos. 
Oyro  Pitch  Pos 


Thrust 
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Roll  Moment 
Pitch  Moncnt 


Lat.  Vibration 
Lock.  Vibration 
Vert.  Vibration 


26 

2.19 

1.9: 

0.29 

o.oke 

fl'S 

30 

1.72 

1.23 

0.1*9 
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32 

1.05 

0.63 
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TABLE  13.1?  OOmaiMTIOB  C 


ITEM 
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#1  -  Dimr.  Link 
f2  •  Dimi’  Llnx 
#3  •  Orai;  Link 


#1  •  Flap 

#2  -  InbJ.  FUp 
#3  •  iBbd.  FUp 


#1  •  Pitch  Link 
#2  -  Pitch  Link 
#3  >  Pitch  Link 


#1  -  Mid  Chord 
#1  -  Mid  FUp 
#1  -  Mid  Tore  Ion 
#1  >  Outb).  Flnp 


Model  Attitude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Gyro  Roll  Poe. 
Gyro  Pitch  Poe. 


Thruet 

Dre« 

Roll  Monent 
Pitch  Moeient 


#205fl 

OSCILLOGKAPH  IKOIO 


AAAX  MIN  AVE  2A 
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— 

2A 
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LniK«  Vibration 
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26 
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O.k? 

0.060 
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30 

1.65 
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0.U3 
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fpe 

32 

1.10 

0.5k 

0.56 
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fpe 

TABU  13.1)  ooBriouuriON  c 


MU  U.l 
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2A 

r 
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2A 
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#1  -  Dreg  I-lBk 

■ 
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2.99 
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0.11 

-  12fl 

12 

lb 

^  -  Sref;  Link 
#3  >  Drat;  Link 

1 

3  03 
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2  96 

0.11 

-  108 

12 

lb 

#1  -  Ihbd.  riep 

i 

m 

#2  .  InbJ.  PUp 
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1.97 

2.02 

0.09 
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09 

In 'lb 

#3  -  labd.  PUp 

1 

1.71 

1.59 

1.65 

0.12 

10 
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In- lb 

■ 

#1  •  Pitch  Link 

16 

0.82 

0.76 

n 

0.06 
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8 

lb 

-  Pitch  Link 

17 

O.kk 

0.39 
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0.05 
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■n 

lb 
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IS 
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0.%3 
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0.09 
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■1 

lb 

1 
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#1  •  Mid  Toraloo 
#1  •  outbd.  r\Ap 
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#1  •  Cyclic  Pitch 
#S  -  Cyclic  Pitch 
#3  *  Cyclic  Pitch 
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Gyro  Pitch  Poe. 
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RoU  MoMnt 
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15 

lb 

1 
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7 
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2.k0 

2.50 

0.20 
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22 

lb 

1 
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1 
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2k8 
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1 
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H 
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1.62 

1.76 

0.27 
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1 
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i£ 

0.66 

0.60 

0.12 
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16 

lb 

3 
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17 

0.06 
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0.05 

0.02 
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3 

lb 

3 
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IB 

0.5k 

m 

0.k8 

0.12 
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19 

lb 

3 
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22 
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2k 

3.21 
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0.03 
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k5 
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6 
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26 
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2.17 

0.27 
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51 

in-lb 

3 
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27 
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m 

■ 
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29 

#1  -  Cyclic  Pitch 

10 

3.50 

6.0 

HI 
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#2  -  Cyclic  Pitch 

11 

3.09 

3.(* 

3.07 

0.05 

5.1 

<*•€ 

1 

#3  “  Cyclic  Pitch 

12 

2.02 

2.77 

2. Bo 

0.05 
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m 

<Ug 

1 
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19 
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O.k 
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21 
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0.0k 
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2 
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33 
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lb 

31 

I.IB 

C 

lb 
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23 

3^ 

21 
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25 
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20 

2.17 

1.89 

0.26 

O.OkB 

fpi 

H 

l/30P,t  Vibration 

30 

1.62 

1.29 

0.33 

0.038 

fpi 

BO 
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32 

1.09 

0.65 

o.kk 

0.025 

fpa 

BO 
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Otto  Pltek  Pee. 
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MAX  MIN  AVE  2A 
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2A 
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e  .  X^.  Flap 
13  .  Zflibd.  Flip 


Fitch  Lii* 
Pitch  Liak 
Flt<^  Lhdi 


Model  Attitude 
Collective  Fitch 
#1  -  Cyclic  Fitch 
^  •  Cyclic  Fitch 
ri  *  Cyclic  Fitch 


Oyro  Roll  Foe. 
dyro  Fitch  Foe. 


Thruat 

Dree 

Roll  Ml 
Pit(^  I 


Let.  Vibretioa 
Long.  VibtmtloB 
Vert.  VlhietiOD 
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TABU  1U.6  OOVICIUBATZOI  D 


ITEM 

#  2067 

OSCILLOGtAPH  lECOiO 

1  lEOUCCO  DATA  | 

1 

MAX 

MIN 

AVE 

2A 

AVE 

2A 

UNITS 

CYC 

IIV. 

4l  •  Link 

6 

3.03 

2.69 

2.86 

.  ika 

37 

lb 

H 

K  -  Di.^  Link 

7 

2.93 

2.k7 

2.70 

- 139 

52 

Ib 

#3  •  Di.«  Link 

■ 

■ 

#1  •  lalKl.  PUp 

Hi 

M 

■■ 

-  Zahd.  PUp 

U 

2.23 

2.06 

168 

3k7 

iD-lb 

#3  •  Ubd.  PUp 

15 

1.92 

H 

1.73 

m 

88 

372 

la-lb 

H 

#1  -  Pitch  Link 

16 

0.86 

0.96 

0.20 

-  k5 

26 

lb 

n 

-  Pitch  Link 

17 

-0.53 

EK9 

-  87 

kk 

lb 

#3  •  Pitch  Link 

IB 

1.35 

QUl 

108 

27 

lb 

■ 

Fl  •  Mid  Chord 

fo 

3.67 

3.*9 

3.5c 

0.18 

.151k 

317 

U>lb 

■ 

1 

>1  -  Mid  PUp 

22 

1 

^1  •  Mid  Toreloo 

21^ 

3.20 

.  Ik9 

U-lb 

J 

Fl  -  OuthJ.  PUp 

as 

2.23 

IM 

1.8k 

0.79 

-  152 

150 

U>U 

3 

Model  Attitude 

27 

2.1B 

HH 

deg 

■ 

Collective  Pitch 

29 

2.00 

HH 

<l«g 

fl  -  Cyclic  Pitch 

10 

3.13 

2.82 

2.90 

0.31 

<>•€ 

f2  •  cyclic  Pitch 

11 

2.78 

2.37 

2.58 

O.kl 

k.8 

<>*g 

#3  ~  Cyclic  Pitch 

12 

2.k8 

2.12 

2.30 

0.36 

-  O.k 

k.k 

deg 

■ 

Oyro  Roll  Poe. 

19 

k.60 

■■ 

■■ 

deg 

Oyro  Pitch  Poe. 

21 

3.93 

H 

H 

Thruet 

33 

1.2'. 

■ 

2k6 

lb 

Dre<? 

31 

1.08 

-  8 

lb 

Roll  Moment 

23 

k.65 

Hi 

287 

In-lb 

Pitch  Moment 

25 

2.95 

2.70 

2.83 

1 

-  k3 

In- lb 

Let,  Vlbrmtlon 

26 

2.U 

1.9k 

0.20 

0.03k 

rpe 

Vlbrmtlon 

30 

1.6k 

1.30 

0.3k 

0.-39 

fpe 

Vert.  Vlbrmtlon 

32 

1.06 

0.62 

.i.k6 

0.0?6 

fl  a 

L- 

j 

_ L 

_ _  j 

1 

\77 


TABLE  OOIKOURATIOB 


1#  2009 

- 1 

L 

OSCILLOGRAPH  RECORD 

ITEM 

■ 

AAAX 

MIN 

AVE 

2A 

^  •  Ci«A  Link 

6 

2.96 

2.76 

2.06 

0.20 

^  •  Dimi;  Link 

7 

2J?6 

2.k6 

2.66 

o.ko 

#3  •  Dn^  Link 

#1  .  Idk»d.  rinp 
#2  •  InbJ.  Flap 

Ik 

2.12 

1.69 

1.89 

0.k7 

#3  •  Inbd.  Flnp 

15 

1.76 

1.96 

oJko 

i#l  .  Pitch  Link 

1£ 

0.90 

0.09 

#2  -  Pitch  Link 

17 

-0.33 

0.39 

0.11 

<3  *  Pitch  Link 

1£ 

l.k2 

m 

1.39 

0.06 

#1  -  Mid  Chon) 

20 

3.62 

3>k 

#1  -  Mid  FUp 

22 

■ii 

#1  -  Mid  Toraloo 

ak 

3.21 

HI 

#1  -  Outbd.  Flnp 

20 

2.26 

1.92 

2.09 

Model  Attitude 

27 

1.13 

Collective  Pitch 

29 

2.00 

#1  •  Cyclic  Pitch 

10 

2.99 

#2  •  Cyclic  Pitch 

11 

2.63 

2.92 

2.98 

0.11 

#3  -  Cyclic  Pitch 

12 

2.31 

2.2k 

2.28 

o.or 

Oyro  Roll  Poe. 

19 

k.69 

■1 

Oyro  Pitch  Poe. 

21 

k.09 

■1 

Thruat 

33 

0.81 

I>r«« 

31 

1.08 

Roll  Moaent 

23 

3.^9 

Pitch  MoBcnt 

25 

_ 

2.79 

let.  Vlhretlon 

20 

H 

1.93 

0.31 

Loan.  Vlbiatloo 

30 

1.60 

1.30 

0.30 

Vert.  Vlhretloa 

32 

1.10 

3.61 

o.k9 

u 

TABLK  amvpMmm  d 


#  2091 

OSCIUOGIAfH  UCOtD 


AVC  2A 


IBHJCfD  DATA 

AVf 

■ 

2A 

UNITS 

CYC 

■fv. 

^  •  0i««  Llak 
#2  •  Dmi;  Link 

#3  -  Dwk  Uak 


#1  .  lAd.  ntf 
#e  -  ubJ.  rup 
#3  -  Ubd.  nap 


.MS 


#1  .  Mid  Chons 
#1  -  Nld  nap 
#1  -  Nld  Toraloa 
#1  •  Oatbd.  nap 


Nodcl  Attltuda 
Collaetlfa  ntch 
#1  •  Cyclic  Pitch 
#2  •  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  Roll  Poa. 
lyro  Pitch  Poa. 


Thruat 

Ora.? 

Roll  Moaaat 
Pitch  Nonaat 


lat.  vibration  HaB  2.1S  1.91 

loB.;.  vibiatloo  830  1.50  1.31 

Vert.  VlbiatloB  1 32  1.02  0.A 


1*7  75  lb 

132  106  lb 


*06  la-lb 
519  la-lb 


1.70 

2.02 

5.25 

2.92  0.10 


I 


table  H>.9  oowtouratiob  d 


ITEM 

1 

?093 

OSCILLOGCAPH  lECOtO 

tEOUCEO  DATA 

1 

MAX 

MIN 

AVE 

2A 

AVE 

2A 

UNITS 

CYC 

tfv. 

n  - 

V„  •  106 

Link 

6 

3.05 

2.U 

2.76 

0.61 

-  159 

66 

lb 

■■ 

#2  -  Djv  Link 

7 

2.92 

2.20 

2.56 

0.72 

-  155 

81 

lb 

#3  “  Orns  Link 

■ 

#1  -  labs.  Flap 

m 

#3  •  InbJ.  Flnp 

2.17 

1.90 

2.03 

0.27 

139 

267 

tn-lb 

#3  -  UbJ.  Flnp 

I 

1.81 

1.59 

2.70 

0.22 

59 

216 

In-lb 

y 

#1  -  Pitch  Link 

16 

0.92 

0.65 

0.79 

0.27 

-  67 

36 

lb 

ni 

#2  -  Pitch  Link 

17 

Bsm 

-0.67 

0.50 

0.35 

-  69 

£ 

lb 

ItWI 

#3  -  Pitch  Link 

Ifl 

1.08 

1.16 

0.22 

6I1 

35 

lb 

m 

#1  -  Mid  Cbopd 

20 

#1  •  Mid  Flnp 

22 

#1  -  Mid  Tornloa 

A 

3.22 

3.16 

3.19 

o.o6 

-  16k 

89 

1  h  6 

#1  -  Otithi.  Flnp 

26 

2.30 

1.50 

1.90 

0.80 

-  Ikl 

152 

In-lb 

3 

Model  Attlt-jde 

27 

1.80 

-  6.2 

Collective  Pitch 

29 

2.23 

74» 

teg 

#1  -  Cyclic  Pitch 

10 

3.W 

2.90 

3.19 

0.58 

‘Km'K 

6.6 

teg 

^  N 

-  Cyclic  Pitch 

u 

3.U 

2.k6 

2.8k 

0.65 

2A 

7.5 

teg 

1  |j 

#3  -  Cyclic  Pitch 

12 

2.86 

2.20 

2.53 

0.66 

2,k 

8.1 

<>e« 

'  1 

Oyro  Roll  Poe. 

19 

k.67 

■1 

-  0.5 

teg 

1 

OfTO  Pitch  Poe. 

21 

3.80 

■1 

-  2.9 

<»•« 

Thniet 

33 

1.27 

255 

lb 

31 

1.08 

.  8 

lb 

Roll  Mowat  J 

23 

3Jk8 

-  21 

In-lb 

Pitch  Moicnt  1 

29 

3.33 

2.93 

3.13 

o.ko 

.  6k 

lk3 

In-lb 

Let.  Vlbretlon  | 

2B 

2.20 

1.92 

0.28 

O.OkP 

fpg 

Loiv;.  Vlbmtloa  | 

30 

1.57 

1.35 

C.22 

0.0^ 

fp« 

Vert.  Vtbnetloa  | 

32 

1.11 

0.58 

0.53 
- U 

0.030 

liw  j 

irs 


#  2'j95 

OSCILLOG«APH  UCOtO 


MIN  AVE  2A 


REDUCED  DATA 

AVE 

2A 

UNITS 

CYC 

■EV. 

Ct««  Link 
Oiw;  Link 
Dtvk  Link 


1^.  Pl«p 
laik).  rup 
Ubd.  n«p 


ntch  Llj* 
ritch  UA 
Pitch  I4lA 


-  Hid  Chord 

-  MU  rup 

•  MU  Torplon 

-  Oirtihi.  nap 


•1  Attitude 
Ipctlv*  Pitch 

-  Cyclic  Pitch 

-  Cyclic  Plt<^ 
•  Cyclic  Pitch 


Syro  Roll  Poo. 
9yra  Pltdl  Poo. 


Thruot 

Roll  Me 

Pitch  M 


Lot.  VlbrotlOB 
Low.  Vlhiotloa 
vort.  VShiotloB 


36  2.20  2.00 
30  1.55  1.36 
32  1.11  0.60 


IP* 
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5^3  g 


TABLC  15.1  OOVKKMTIOB  I 


#  2156 

OSCILLOGtAfH  tiCOlO 


MIN  AVE  2A 


#1  -  Link 
#2  .  Dm?  Link 
#3  >  Link 


#1  .  lab'i.  rinp 
#3  -  InbJ.  rinp 
#3  -  Inbd.  Flap 


#1  -  Pitch  Link 
#3  .  Pitch  Link 
#3  -  Pitch  wink 


#1  -  Mid  Chord 
#1  >  Mid  tiMf 
#1  -  Mid  Tor*  loo 
#1  -  Outh;.  Flop 


M^el  ^ttlt  jde 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#T  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


lyro  Sell  Po*. 
lyro  Pitch  Po*. 


lEOUCEO  DATA 

AVE 

2A 

UNITS 

— 

CYC 

•iV. 

0,97  0.10 
0.^9  0.10 
0.30  0.12 


5.U  5.6k  0.39 

k.Ok  k.09  0.09 

3.17  3.21  0.07 

90  I  3.72  3.61  0.k8 


In-lb* 


Or*-: 

aoi:  y.onent 
Pitch  Kcr-eat 


2S  2.26 
30  1.61 
32  0.96 


1»U  19.2  OOVXODMSXOI  I 


If  a.# 

- 1 

— 

L 

OSCILLOG«A0H  taCOID 

1  lOUCfD  DATA  1 

ITiM 

1 

1 

CYC 

•  ■ 

o  •- 

s« 

1 

MAX 

MIN 

AVI 

2A 

AVI 

2A 

UPdfTS 

1  i 

tfV. 

#.  •  &i«c  Llak 

6 

2.35 

2.U 

EH 

•  120 

12 

1 

u 

K  •  Di««  Link 

7 

IM 

1.67 

Isa 

0.21 

.  160 

U 

lb 

#3  -  [>i«R  Uak 

6 

■ 

#1  -  i*d.  ri«r 

13 

■ 

#?  •  ubJ.  ri«i> 

U 

2.10 

-  60 

190 

l».lk 

#3  •  Xirbd.  riav 

1? 

1.63 

B 

-  162 

192 

l^lh 

•  Pltck  Llj* 

1£ 

0.95 

0.55 

0.20 

-  ^3 

32 

Ih 

M  .  Pitch  LU* 

17 

-.90 

0.97 

0.13 

0 

19 

lb 

#3  -  Pitch  Ll^ 

10 

-A) 

M 

0.07 

0.16 

u 

a 

Ih 

^  -  NU  Chord 

20 

5.00 

5A2 

lU 

90 

t».lh 

n  .  Mid  PUr 

a 

6.06 

6.10 

#1  *  Mid  Torsion 

* 

5.13 

3.10 

0.09 

#1  •  Oirtbd.  PlMp 

III 

3.00 

*.09 

0.27 

HnWl  tttltud* 

rt 

■ 

■ 

2.r 

.  0.5 

Aac 

Coll*ctl*«  Pitch 

29 

2.39 

9.2 

«•« 

#1  -  Cyclic  Pitch 

10 

3.-^ 

9.9 

A«C 

-  Cyclic  Pitch 
#3  -  Cyclic  Pitch 

U 

12 

■ 

■ 

m 

it:^ 

_ 

«•« 

A«« 

dyro  Moll  P^. 

19 

k.72 

6.65 

6.69 

0.07 

.  0.3 

n 

Aac 

ajrro  Pitch  Poc. 

a 

k.l6 

6.12 

6.U 

0.2 

B 

<Mc 

Thruct 

33 

1.65 

602 

Ih 

^■1 

Om,: 

51 

1.20 

2 

Ih 

Moll  NOBUt 

23 

3.13 

iB-lb 

M 

Pitch  Nowat 

a 

2.99 

u 

l»-lh 

l«t.  vihratloD 

20 

2.35 

1.77 

0.90 

0.099 

fp» 

vibmtloQ 

30 

1.65 

1.29 

0.36 

0.061 

rp» 

v*i-t.  VlbratloD 

32 

1.03 

0.32 

— 1 

o.oia 

L 

ft*  j] 

IM 


TUU  15  >  OOVXODMTItn  I 


#  21A 

OSCILLOGtATH  ItCOID 


#1  -  llak 
f2  •  Srs."  Link 
#3  -  Dime  Llak 


#1  .  rup 
#3  .  labJ.  riB{ 
#3  -  Ubd.  Flap 


#1  -  Fltc^  Llak 
#S  -  Pitch  Llak 
#3  -  Pitch  Llak 


#1  -  Mid  Chord 
#1  -  Mid  Flap 
#1  -  Mid  TormloB 
#1  -  Otitb  '.  Flap 


Model  kttltiida 
rdlectlee  Pitch 
#1  -  Cyclic  Pitch 
#?  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


3yro  !»cll  Poe. 
Tyro  Pitch  Poa. 


Thrjt'. 

r>Ta.- 

Boll  Morun*- 
Pltch  Moren* 


lat.  Vlbralloc 
'.oa*.  vibiatloo 
Vert.  Vlhratloo 


1  lEDUCB)  DATA 

\L 

AVC 

2A 

UNITS 

CYC 

KV. 

2.21  1.91 
1.60  1.3c 

1.12  0.59 


112 


TABLE  1)^  CCXrXdUMTIOR  I 


#  2l£8 

OXHlOGtAPH  IfCOtO 


£•  Enc  Llak 
•  Di«<  Link 
#3  -  Dmi  LWi 


#1  .  I*d.  nap 
ft  .  ZdbJ.  nap 
#3  -  XBbd.  nap 


-  rttck  Llak 

•  Pitch  Uah 

•  Pitch  Uah 


Nodal  Attltwla 
Collaetlc*  Pitch 
#1  -  Cpcilc  Pitch 
fc  .  Qpellc  Pitch 
n  *  Cyclic  Pitch 


drro  Noll  Poo.  H  19 
Ogrro  Pitch  Poo.  y  21 


Thnot 

OiNd 

Noll  Noaaa-. 
Pitch  Na:aat 


Lot.  VXbiNtloa 
Loan.  vibiatloB 
Vert.  VlhiatlOB 


TAju  1^.7  onnsuMnoB  i 


ITEM 

#  2170 

OSCIlLOCUfH  UCOlO 

IBHJCEO  DATA  | 

1 - 

Tl. 

No. 

MAX 

MIN 

AVI 

2A 

AVI 

2A 

UNITS 

CYC  1 
IfV.  1 

n  .  .?7 

tm 

1 

#1  •  Di«c  Link 

r, 

2.50 

2.62 

0.00 

-  94 

H 

lb 

K  •  DrM  Link 

7 

?.cn 

l.R? 

l.'>5 

C.25 

-  123 

mM 

lb 

#3  -  Dr%g  Link 

fl 

■ 

#1  -  labd.  rup 

13 

#2  .  labJ.  rUp 

U 

2.20 

l.W 

1.90 

o.6o 

-  230 

6fo 

la-lb 

#3  •  labd.  rUp 

13 

1.77 

l.kl 

1.59 

0.36 

-  323 

36k 

iB-lb 

#1  -  Pitch  Link 

If, 

1.15 

1.03 

1.09 

0.12 

-  30 

19 

lb 

97  -  Pitch  Link 

17 

-1.1/) 

-1.27 

1.22 

0.11 

37 

16 

lb 

#3  •  Pitch  Link 

Ifl 

-l.fll 

-1.93 

l.ft7 

0.12 

177 

10 

lb 

#1  -  Mid  Chord 

20 

5.59 

#1  -  Nld  PUp 

22 

k.l3 

3.06 

k.OO 

0.27 

fl  -  Hid  Torklon 

25 

3.2k 

3.20 

0.09 

#1  -  Outhd.  Plnp 

ag 

3.90 

3.75 

0.31 

Nodal  Attltuda 

27 

l.lk 

m 

■ 

da* 

Collactlv*  Pitch 

29 

1.92 

<w« 

#1  -  Cyclic  Pitch 

10 

3.22 

■■ 

fz  -  Cyclic  Pitch 

U 

2.7k 

2.71 

3.73 

0,01 

f3  '  Cyclic  Pitch 

12 

3.03 

2.99 

3.01 

o.ok 

m 

m 

<»•« 

Oyro  Roll  Poa. 

19 

k.71 

k.5fl 

1^9 

0.13 

-  0.7 

1.3 

«•« 

dyro  Pitch  Poa. 

21 

k.ofl 

k.OO 

0.00 

•IM 

Thruat 

33 

0.0k 

06 

Ih 

Draw 

31 

1.07 

-  9 

lb 

u 

RoU  Hiaant 

23 

3.kO 

-  k2 

la- lb 

Pitch  Ntaaot 

25 

2.97 

2.09 

2.93 

0.00 

-  7 

la- lb 

lat.  VlhratloD 

20 

2.20 

1.92 

■ 

0.20 

0.9k7 

fpa 

Loaw.  vibratloo 

30 

1.00 

1.26 

0.5k 

0.062 

fpa 

Vart.  Vibration 

32 

1.1k 

0.61 

■ 

0.53 

_ 

0.031- 

fpa 

tis 


tuu  i^.e  aomimmnw  i 


t  aT2 

— 

— 

OSCKLOOIAPH  UroiD 

taxes  data  I 

ITIM 

I 

■ 

ere 

u 

MIN 

AVI 

2A 

AVI 

2A 

UNITS 

■fv. 

^  •  Di«c  LVok 

6 

?.kk 

B9 

IQ 

52 

ih 

II 

K  •  Di*a  Link 

2.7? 

l."k 

2.x 

.'3 

• 

12’- 

3^ 

lb 

1 

#3  •  I>rM  Link 

1 

#1  -  1*4.  rinv 

It 

■■ 

M 

#?  ■  1*4.  riJ4i 

U 

2.3k 

2.2? 

k- 

lr. 

In.  lb 

u 

#3  -  1*4.  rin» 

1^ 

1.3R 

■ 

1.3^ 

H 

31 

2k2 

lA-lb 

#1  •  Pitch  Link 

1/; 

1.3c 

l.-’P 

m 

.2? 

73 

3k 

lb 

^  •  Pitch  LI* 

1’ 

-.'‘3 

-l.’C’ 

".9R 

c.2k 

• 

3 

33 

lb 

#3  •  Pitch  Ll* 

1“ 

-1.?^ 

-l.tk 

l.kl 

1 

icrt 

r 

lb 

A  •  Nld  Chord 

?r 

^.kk 

3.23 

3.3k 

'.21 

103 

m 

In.  lb 

HHi 

#1  '  N14  PUf 

2? 

k.2f, 

3.kt 

k.O? 

l.kl 

#1  •  Mid  Torvloa 

2h 

3.2" 

3.1/ 

3.» 

c.U 

#1  -  0«tb4.  rinp 

3f, 

2.92 

3."9 

c.* 

■ 

Ho4«l  kttlt>id« 

1 

2.“-' 

3.“ 

<>•« 

Coll*rtl*«  Pitch 

9 

1.93 

k." 

k* 

#1  -  Cyclic  Pitch 

1 

3.* 

3. Ok 

3.2" 

k.2 

'  .2 

4*8 

#2  •  Cyclic  Pitch 

11 

2.P> 

m 

2."^ 

'.M 

1.3 

3.2 

4* 

#3  .  Cyclic  Pitch 

IT 

3.7’ 

3.  * 

.U 

fi.P 

_ 

■Mr 

Dyro  Roll  Po«. 

ly 

l.k 

«•€ 

lyro  Pitch  Po*. 

?1 

3.^3 

3.‘3k 

3.P9 

l.X 

■ 

2.1 

0.9 

4^ 

Thnint 

33 

!.<;■’ 

klC 

lb 

:>rm^ 

31 

1.92 

35 

lb 

Roll  Moarat 

?3 

3.t^ 

3.3k 

3.3' 

.  Jp 

. 

3 

In.  lb 

Pitch  Mijwnt 

3.  f 

2.*" 

2.9k 

1.13 

k 

k.6 

la-lt 

Lnt.  Vlhmtlar, 

2« 

2.3" 

1.’9 

'.33 

:.IQP 

fVk 

Looc.  VlhmtloD 

3' 

1.'3 

1.15 

'.34 

.  J6k 

fl» 

Vert.  vihmtloD 

32 

i.n 

:.2k 

'.93 

flk 

- 1 

— 

« 


IM 


ITEM 


.  .<« 

.  106  MPH 


MIN  AVK  2A 


■EDUCED  DATA 

ASi 

2A 

UMTS 

CYC 

lEV. 

{1  •  llai! 

?  -  T)r%g  !.lnk 
#3  •  0r««  :.lnA 


#1  .  lab!.  Flap 
f?  -  lab!.  rUp 
•  lab!.  Flap 


#1  -  Pitch  Link 
#S  •  Pitch  Link 
#3  -  Pitch  Link 


#1  •  Mid  Cb  1 
#1  •  Mid  Fla, 

#1  -  Mid  Torsloo 
#1  -  Ootb!.  Flap 


MV.el  Attlt  Jdk 
Collectl»«  Pitch 
#1  .  Cyclic  Pitch 
#C  -  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


3yro  Sell  Pa*, 
lyro  Pitch  Pa*. 


Cbraat 

Soil  Moncst 
Pitch  Morseat 


Lat.  Vlbratloo 
Lo^.  VlbT«tlao 
Vert.  Vlhratloa 


100  310  l^lb 
132  303  l».lk 


1.60  0.66 

0.57  0.33 

0.^3  0*32 


5.30  5.90 
3.67  %.15 
3.06  3.22 
2.b3  2.81 


171  IkO  I  Ik 


3.20  0.63 
2.96  0.58 


tttu  15.10  ooanoijuixai  t 


1*1 


rufi  'jk.7 


(xariouMTua  r 


m  •  Uff 

f„  -eiM 

ITfM 

— wm - 

OKILLCX^PH  IfCOCO 

IfOUCCO  DATA  1 

s 

MAX 

MIN 

AVt 

2A 

AVT 

2A 

UNITS 

CYC 

uv. 

Jl  •  Ci«x  Mak 

n 

■ 

■ 

■ 

■ 

■■ 

n 

191 

1 

K  •  Smr  Llak 

#3  •  Dr%m  LlMi 

H 

■ 

■ 

■ 

■ 

m 

H 

-  1*^].  rur 

n 

■ 

■ 

■ 

■ 

■■ 

■ 

■■ 

#9  ■  latfcl.  rU(> 

1 

#3  .  i*J.  ria* 

■ 

■ 

■ 

■ 

1^9 

m 

1 

M  •  Pitch  Lli* 

M 

■ 

■ 

■ 

■ 

M 

Ih 

to  .  Pitch  Llak 

IT 

n 

Ih 

1 

#3  -  Pitch  Llah 

If 

■ 

■ 

■ 

■ 

to  •  Hid  Cterd 

to 

■ 

■ 

■ 

to  -  Hid  ruf 

» 

to  •  Hid  Toralis 

m 

n 

la-lh 

to  *  Arth^i.  Plap 

s 

■ 

■ 

■ 

IMcl  tttltwto 

n 

n 

Col  lactic*  Pitch 

19 

to  •  Cyclic  Pitch 

10 

1 

to  -  cyclic  Pitch 

u 

#3  -  Cyclic  Pitch 

u 

1 

Opro  Roll  Poa. 

19 

■ 

■ 

■ 

■ 

dyro  Pitch  Poa. 

11 

■ 

■ 

■ 

■ 

li 

1 

■HH 

nruat 

U 

■ 

■ 

■ 

■ 

k30 

Ih 

Dr**' 

31 

' 

Roll  HOMiit 

Mm 

Pitch  Hcaaat 

I 

■ 

■ 

■ 

■ 

lat.  VlhratloD 

H 

.us 

fp* 

■1 

\xm-.  vihiatloB 

30 

.OST 

Tp* 

Vert,  vihratloo 

3> 

•OliO 

fp* 

- u _ 

1 _ 

aA- 


•w 


«t 


«4 


1W 


aviauurrai  r 


IjO^.  VlblVtlOB 
V«rt.  Vlb.-mtlon 


76 

JO 

J7 


ruu  16^ 


oarranuTioa  r 


TUU  16.7 


covionuriaa  r 


tuu  1*^ 


ccarioDUTTaa  r 


T«W  16.9 


oovnafluriaa  p 


tuu  16.  U 


caviouuTian  r 


TABU  17.3 


UKTl^JUTlai  G 


TUU  17U 


uaruauTiJM  a 


TO* 


TOU  XT.« 


ooriauuna  o 


ttni  iT.>  oovzoourua  a 


m  •  .95 

9„  ■  106  m 

ITIM 

ftklk 

OSCILLOG«A9H  IKOtO 

ia>UCfD  DATA  j 

Tt. 

No. 

AAAX 

MIN 

AVI 

2A 

AVI 

2A 

UNITS 

CYC 

IfV. 

#1  .  Cr«4  Mat 

K  -  Di««  l.l:'>t 
#3  •  Liat 

e 

■ 

66 

127 

lb 

lb 

D 

#1  •  lal>J.  riaf 
^  .  labJ.  Flap 
#3  -  labd.  Flap 

1) 

u 

1$ 

786 

270 

la-lb 

la-lb 

■ 

#1  -  Pltck  Llak 
M  -  Fitch  Llak 
#3  •  Fitch  Llak 

16 

IT 

19 

SO 

U 

lb 

lb 

143 

143 

#1  •  Nld  Cbonl 
#1  •  Mid  Flap 
#1  -  Hid  Torklon 
#1  •  Outbd.  FUp 

20 

2? 

21i 

26 

1 

1 

1 

60 

U-lb 

Model  Attitude 
Collective  Fitch 
#1  -  Cyclic  Fitch 
-  Cyclic  Fitch 
f3  -  Cyclic  Fitch 

27 

29 

10 

U 

u 

-6.86 

1 

1  III 

1 

Oyro  Noll  Foe. 
Oyro  Fitch  Foe. 

19 

a 

Thniat 

OtM 

Roll  Mo—Bt 

Fitch  MoMBI 

1 

300 

lb 

1 

tat.  VlhratlcD 
Lone.  Vlhratloa 
Vert.  vihiBtloD 

26 

30 

32 

_ U 

.07b 

.0)1 

.Obi 

tfm 

fpb 

fp* 

2M 


1 

■i 


TtBU  17.10  cokt 


«  136 

ITEM 


M.-viel  Attltjl* 
Cillertlve  Pitch 
#1  -  Cyclic  Pitch 
#C  -  Cyclic  Pitch 
#3  -  Cyclic  Pilch 


3yro  Holl  Pa*. 
5ypo  Pitch  Pa*. 


Thj-.i*t 

Dm; 

Roll  Mjieat 
Pitch  Mjreat 


:*t.  Vltr*tlOR 
loa-.  Vlbr«tlT3 
Vert.  Vlhrmtlon 


#2;.dl 

OSCIILOOXAPH  (ECOtO 


No.i  MAX  1  MIN  AVE  2A 


#1  - 

Tr*.* 

T  la. 

- 

:  Lilt 

#3  - 

Dm- 

wljU 

#1  - 

lab:. 

n*F 

#3  - 

lab'. 

Ki*r 

#3  - 

lab-. 

FUp 

#1 

-  Pitch  link 

#2 

-  Pitch  link 

#3 

-  Pitch  Link 

#1  - 

Mid  Chord 

#1  - 

Mid  FUi 

#1  - 

Pld  Tortlon 

#1  - 

3utb  •  Flap 

REDUCED  DATA 


2A 

UNITS 

56 

lb 

76 

lb 

hX) 

In-ll 

170 

In-lb 

U3 

lb 

170 

lb 

2 


tuu  IT. 11 


toounoi  a 


■  ■  .b 

f  „  -  10*  iva 

irtM 

— iSK - 

OSCILLOG«AM  UCOtC 

ICDUCfD  DATA  1 

MAX 

MiN 

AVI 

2A 

AVI 

M 

UPdITS 

CYC 

IfV. 

#1  •  Di«c  Llak 

B 

» 

U 

1 

•  DrM  Llak 

n 

U 

1 

#3  •  I>i^  l.l«k 

■ 

#1  •  rup 

13 

■ 

■ 

49  •  laba.  rup 

U 

TTT 

la-lh 

1 

#3  -  Ibbd.  Pli« 

IS 

1 

■ 

■ 

hSO 

la-lb 

1 

#1  •  Pitch  Llah 

1* 

m 

Ih 

U3 

M  .  Pitch  Llak 

IT 

ki 

Ih 

U1 

#3  -  Pitch  Ll^ 

18 

M  -  MU  Cterd 

10 

n  .  MU  Plaf 

» 

M  •  MU  Toraloa 

to 

la-U 

5 

fl  -  Oatbd.  Plhh 

I* 

Nodal  Attltud* 

>T 

-13.1 

■ 

m 

Collactlaa  Pitch 

19 

#1  -  Cyclic  Pitch 

10 

1 

^  •  cyclic  Pitch 

U 

1 

#3  •  Cyclic  Pitch 

u 

y 

m 

1 

Qyro  Roll  Poa. 

19 

WM 

■ 

■ 

■ 

■ 

Qyro  Pitch  Poa. 

a 

1 

1 

■ 

■1 

■ 

Ihnat 

3) 

IJT 

ih 

On* 

n 

Roll  Moaat 

>3 

Pitch  NoMt 

>5 

Lot.  VlbihtlOB 

H 

.060 

Lo^.  VlhiatKN 

JO 

.060 

fK 

Vart.  Vthratla 

J> 

.061 

fP< 

_ U 

>19 


ruu  iT.i; 


coir\}iaunaM  u 


n  •  1.U5 

*  106  IVM 

ITiM 

#2li67  1 

OSCILLCXMAM  UCOtD  | 

tfOUCEO  DATA  1 

Tt. 

Na. 

MAX 

MIN 

- ! 

AVf 

— 

2A 

AVI 

2A 

UNITS 

CYC 

UV. 

•  rr««  Mak 

6 

72 

Ib 

1 

K  •  DrM  Ltak 

T 

n*' 

lb 

1 

#3  •  I>i««  Llak 

S 

#1  •  IriM.  rup 

IJ 

#2  .  rup 

u 

sia 

In*  lb 

1 

#3  -  iiM.  rup 

15 

2)0 

la*lb 

1 

#1  •  ritck  Llak 

16 

US 

lb 

1 

«  •  Pitch  Llak 

IT 

#3  -  Pitch  Ll^ 

18 

A  .  Hid  Chord 

20 

#1  •  Mid  Flap 

22 

n  -  Mid  Toraloa 

2b 

105 

In*  lb 

^  -  0«tM.  Flap 

26 

Nod«l  Attitude 

2T 

•l.b 

daa 

Collarilve  Pitch 

2» 

§l  •  Cpcllc  Pitch 

10 

» 

Mf 

1 

#2  -  Cpcilc  Pitch 

u 

2 

Mf 

1 

#3  .  Cyclic  Pitch 

12 

2 

1 

Oyro  Roll  Poa. 

12 

I^rro  Pitch  Poa. 

21 

1 

Thruat 

)) 

b$) 

lb 

1 

I>ri« 

M 

koU  Meant 

2J 

PI  .eh  MOBWt 

25 

lat.  VlhiatlOB 

26 

.101 

tp* 

Lomk.  Vlbiatloa 

>0 

.oia 

fp* 

Vart.  vihiatloB 

.071 

»>• 

_ L 

_ 

_ 

214 


caRrisouTiaii  h 


f*  -  50  HW 
ITEM 


{1  -  Link 
?  -  tlnk 

#3  •  DrUK  Link 


#1  -  IiA>!.  rimp 
.  InbJ.  fUp 
#3  -  labd.  FUp 


#1  -  Pitch  Link 
#2  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  MIJ  Onrd 
#1  -  Mid  KUp 
#l  -  Mid  Toni-n 
#1  -  Oitb!.  FUp 


Model  kttltad* 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


nsu  18.) 


covi^juriw  H 


a  •  l.OS 

•  50  MW 
(  D-  850  »W) 
ITEM 

«*526  1 

OSCILLOG8APH  UCOtO 

KCDUCEO  DATA  | 

1 

MAX 

L 

MIN 

AVE 

2A 

■ 

2A 

UNITS 

1 

CYC 

tfV. 

#1  -  Tra.-;  T.lal! 

#?  -  3ra.-  t-liU 
#3  •  2i%x  I-lak 

I 

■ 

1 

1 

■ 

1 

i 

lb 

lb 

■ 

#1  •  rUf 
#2  -  labi.  FUs 
#3  -  lab^..  Flap 

1) 

U 

IS 

1 

1 

1 

1 

! 

111 

1)0 

ln*lb 

In-lb 

1 

#1  -  Pl'.cb  Llak 
#2  •  Pitch  Llak 
#3  •  Pitch  Llak 

16 

17 

18 

1 

1 

1 

1 

)8 

lb 

1 

#1  -  MU  Chore 
#1  -  Mie  Flap 
#1  -  Mie  Toral-ai 
#1  -  Outb  .  Flap 

20 

22 

2h 

26 

1 

1 

1 

105 

la-lb 

Modal  Attltje# 
CjllactlTt*  Pit -h 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 

1 

1 

1 

1 

6.) 

«aa 

1 

3yro  HoU  Poa. 
3yro  Pitch  Poa. 

12 

21 

1 

1 

1 

1 

1 

1 

Threat 

Ora,; 

Boll  MoBeat 

Pitch  Moraa*. 

)) 

)1 

2) 

25 

_ 

_ 

)>1 

lb 

1 

1 

lat.  vihiatloci 
Loop;*  VlbratloQ 
Vert.  Vlbratloo 

H 

1 

- 1 

i  J 

.116 

.06) 

.QU 

fpa 

fpa 

fW 

2 

2 

) 

tuu  l».k 


CVISIfUTKM  H 


(  a  •  653  SM) 
ITEM 


#?5M 

OSCILLOG«APH  RECO«0 


AVE  2A 


REDUCED  DATA 


CYC 

2A  UMITS  REV. 


#1  -  Vt*.-.  T.lni: 

-  3  «  ■  t-lnk 
#3  -  arm.'  Lla». 


#1  •  lab  I.  Flap 
#?  .  labi.  Flap 
#3  ■  lab  I.  Flap 


#1  -  Pf.ch  I.lnk 
#3  -  Pitch  Llak 
#3  -  Pitch  Link 


#1  -  hlJ  Onni 
#1  •  MU  FUi 

#1  •  Mlrt  Toi*»lon 
#1  -  Outbi.  flap 


Mclel  Ittlt  iia 
Collective  Pitch 
#1  -  Cyclic  Pit -h 
K  •  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


!!yro  -toll  Poe. 
Oyro  Pitch  Poe. 


Thriet 

3t». 

Roll  Moneat 
Pitch  Moi-cat 


Lat.  Vibration 
Tfior.  Vibration 
V*  rt.  Vlb.atloo 


■■ 


330 


TABU  ie.6 


coNi'iaifUTicni  h 


TULe. 


COHFtSlfUTIOn  H 


n  •  .56 

T„  >  106  Km 

(  a  •  915  HP") 

ITEM 

TH. 

No. 

#1  -  ?:m-  Llni-. 

( 

♦3  -  I);*-  Lin* 

7 

#3  -  Dr«r  Lin* 

6 

#1  .  :nbl.  Flap 

13 

#3  -  Inb  ! .  FUp 

tu 

#3  -  Inb^i.  Flap 

15 

#1  -  Pitch  Link 

16 

#2  -  Pitch  Link 

17 

#3  •  Pitch  Link 

18 

#1  •  Id  Ch^^n! 

20 

#1  -  Mlj  FUi 

22 

#l  -  Kid  Toralw 

2U 

#1  -  Outb  .  Flap 

26 

Kc'el  tttltjie 

27 

C^llactlva  Pitch 

29 

#1  -  facile  Pitch 

10 

#3  -  cyclic  "Itch 

11 

#3  -  Cyclic  Pitch 

12 

Oyro  ^oll  Pot. 

19 

Oyro  Pitch  Pot. 

21 

Thritt 

13 

Dr«.* 

31 

Roll  Monent 

23 

Pltv'h 

25 

Lat.  Vibration 

28 

T/kv:.  Vlbmtlon 

10 

Vert.  Vibration 

» 

222 


773 


TMU  1A.9 


■  ■  .91 
(  0  •  910  WN) 

•  106  M 

ITEM 

osciLioourH  ifcoto 

- ! 

Tl. 

No. 

r - 

MAX 

MIN 

AVI 

3A 

4l  •  Dr«c  tlnk 
^  •  Di«^  Llnli 
#)  -  Dr««  Liak 

6 

7 

8 

#1  •  riap 
f?  .  lBb.1.  rUp 
#3  •  iBbJ.  rUp 

13 

u 

13 

■ 

1 

1 

#1  •  Pitch  Llak 
h  •  Pitch  Llak 
#3  •  Pitch  Llak 

16 

s 

_ 

ft  -  N14  Chord 
#1  •  Mid  PUp 
fl  •  Mid  Toraloa 
fl  -  Outhil.  Plap 

10 

•h 

16 

1 

1 

1 

1 

Modal  Attltuda 
Collaetlva  Pitch 
#1  •  Cpellc  Pitch 
W  •  Cyclic  Pitch 
#3  •  Cyclic  Pitch 

tr 

19 

10 

u 

if 

O/ro  Mall  Poa. 
^re  Pitch  Poa. 

19 

11 

■ 

1 

1 

1 

Thruat 

Dim 

Roll  HoMt 

Pitch  NOMBt 

» 

31 

•3 

t9 

Ut.  TlhMtlai 
Laag.  Vlhiatlea 
Vort.  TlhiatlaR 

30 

■ 

334 


naut  18.10 


oomoMinGM  R 


D  •  .09 

•  106  M 

(  a  •  AO  RM) 
ITEM 

OSCILLOGIArH  RECOIO 

REDUCED  DATA  | 

TR. 

No. 

MAX 

MIN 

AVE 

J 

2A 

AVE 

2A 

UNITS 

CYC 

REV. 

#1  -  Sim.*  tlnk 

6 

■ 

■ 

■ 

■ 

■■ 

21 

lb 

I  1 

#2  -  Dim-  tiny 

7 

lb 

1 

#3  .  Drmi  Ll-jk 

8 

■ 

■ 

■ 

■ 

H 

#1  •  Ii«>l.  Flap 

13 

■ 

■ 

■ 

■ 

#2  -  labl.  FUp 

Ik 

610 

ia>lb 

1  i 

#3  -  labJ.  Flap 

15 

■ 

■ 

■ 

■ 

370 

tn-U 

H 

#1  -  Pllrh  !.lak 

16 

■ 

■ 

■ 

■ 

m 

10 

lb 

m 

#2  -  Pitch  Link 

17 

#3  -  Fitch  Link 

18 

H 

■ 

■ 

■ 

■ 

■ 

#1  -  Mia  Chon) 

20 

■ 

■ 

■ 

■ 

■ 

#1  -  Mid  FUp 

28 

#1  •  Mid  Tortl^n 

2k 

to 

U>lb 

#1  •  Outbi.  FUp 

26 

■ 

■ 

■ 

■ 

■ 

MMel  Attltjd# 

27 

■ 

■ 

■ 

0 

Collective  Pitch 

29 

#1  -  fycllc  Plt.'h 

10 

#2  -  Cyclic  Pitch 

U 

#3  -  Cyclic  Pitch 

18 

■ 

■ 

■ 

_ 1 

3yro  loll  Poe. 

19 

■ 

■ 

■ 

■ 

I 

3yro  Pitch  Poe. 

21 

■ 

■ 

■ 

■ 

1 

Thr.'.et 

33 

■ 

■ 

■ 

■ 

35 

lb 

Dim.' 

*1 

Poll  Monent 

33 

Pitch  Morent 

25 

■ 

■ 

■ 

■ 

Let.  Vibration 

28 

.<1»T 

fH 

1R8 

Loa".  Vlbimtloo 

30 

.033 

lit 

Vert.  Vibration 

33 

.031 

1 

.  --  —  - 

_ U _ 

u., 

233 


18.  u 


oovxauiknoH  ■ 


n  •  o  4(590 

(a  .  Ao  IVH)  OSCllLOGtAm  lECOlO 


{1  -  5i«.-  tlaX 
?  -  3:«.-  Link 
#3  Draff  Link 


#1  .  lAl.  Flap 
#?  •  labi.  Flap 
#3  -  labJ.  Flap 


#1  -  Pilch  Link 
#S  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  MU  Choni 
#1  -  Mid  FUp 
#1  -  Mid  Torklaj 
#1  -  Oitb'.  FUp 


Model  Ittltjde 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#C  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


3yro  ^cll  Poe. 
3yro  Pitch  Poe. 


Thriet 

Dra.; 

Poll  Mjnent 
Pitch  Mareni 


Lat.  Vlbratlno 
Taa-.  /Ibratloa 
Vert.  Vibration 


Tl. 

Mo.  MAX  MIN 


UOUCEO  DATA 


CYC 

AVE  2A  UNITS  UV. 


.06;  fpa  1  I 

.cak  f>o  I  1  : 

.089  fpa  I  1  { 


n»LI  18.12 


oonauMTiai  ■ 


n  •  .28 

(  a  •  AO  mi) 
V|l  •  106  mi 

#2556 

OSCIILOGIAPH  lECOlO 

lEDUCEO  DATA  | 

Tt. 

No. 

MAX 

— 

MIN 

AVE 

2A 

AVI 

2A 

UNITS 

CYC 

MV. 

ITEM 

#1  •  Zi*r.  Link 
#2  -  3rm.-  link 
#3  -  Dr«^  Link 

6 

7 

8 

1 

1 

■ 

37 

7% 

lb 

lb 

B 

81  •  Iiibi.  Klap 

8?  -  InhJ.  FUp 

83  -  labJ.  Flap 

§ 

■ 

1 

500 

280 

lik>lb 

iB-lb 

B 

81  -  Pitch  Link 
8?  -  Pitch  Link 
83  -  Pitch  Link 

1 

1 

1 

■ 

13 

lb 

U3 

81  -  Mid  Cbinl 

81  -  Mid  Flap 

81  -  Mid  Toraloo 
81  •  Otitbl.  Flap 

20 

22 

2k 

26 

1 

k5 

lii«lb 

1 

Mrviel  tttlt.jda 
Collective  Pitch 

81  -  Cyclic  Pitch 
8?  -  Cyclic  Pitch 
83  •  Cyclic  Pitch 

27 

29 

10 

U 

12 

2.52 

1 

1 

5yro  '■^oll  Po«. 
Tyro  Pitch 

19 

21 

■ 

Thr.et 

Dra 

H5ll  Monent 

Pit  h  Myeat 

33 

31 

23 

25 

1 

1 

8l 

1 

1 

28 

30 

32 


128 

050 

Oko 


Ut.  Vlbrati-n 
VlbraMm 
V*rt.  Vltmtlon 


^6 

,0k 


.kfif, 

•  TO 


0®  ruaCHAPH  0  076i« 


TABLE  19.2*  CnUflOURATIOII  J 


.25 

■  500  RPW) 


vn(a9 

OSCILLOGRAPH  RECORD 


No.  MAX  MIN  AVE  2A 


#1  - 

#2  »  Dr*.7  Link 
#3  “  Drm#i;  Link 


#1  .  inbu  FUr 
#2  -  Inb-i.  Fl*p 
#3  -  InbJ.  FUp 


#1  -  Pilch  Link 
#2  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  Mid  Chord 
#1  -  Mid  FUp 
#1  “  Mid  Toriloo 
#1  -  Outb  i.  FUp 


Model  Attitude 
C. llectlve  Pitch 
i(ll  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  Roll  Poe. 
Oyro  Pitch  Poe, 


Thruet 

Drm*? 

Roll  Monent 
Pitch  Monent 


U* .  Vlbretlon 
!.on«.  Vlbrmtlon 
Vert.  Vlbretlon 


3.33 

2.67 

3.00 

2.73 

2.20 

2.k7 

1.71 

1.67 

1.69 

l.k7 

1.1*0 

l.U 

l.Sl 

1.72 

1.77 

2M 

2.25 

*•15 

k.Ol 

3.66 

3.9k 

2.67 

2.63 

2.66 

3.06 

2.61 

2.Sk 

.38 

.38 

.38 

3.17 

3.1k 

3.16 

k.27 

k.35 

k.33 

k.lk 

i*.2l* 

3.72 

3.61 

3.67 

k.6b 

k.ka 

k.53 

3.93 

3.85 

3.89 

.89 

.97 

.38 

1.12 

1.12 

1.12 

3.83 

3.81 

3.82 

2.98 

2.93 

2.99 

1.66 

1.50 

1.59 

1.2i» 

.65 

l.M 

1.21 

.76 

i 

.99 

REOIXIEO  DATA 

AVE 

2A 

UNITS 

CYC 

REV. 

-1*20.0 
-*}»*. 3 
-3a2.3 


-J069.«* 

111.7 


80.5 

lb 

85.6 

lb 

32.1* 

lb 

700.3 

lo-lb 

550.1 

in- lb 

6.91 

lb 

11.9/ 

lb 

163.5 

lb 

391. k 

In-lb 

150.5 

iD-lb 

3k. 3 

in- lb 

75.0 

iD-lb 

739 


TABliC  19.2b  O'lFIOURATI  'N  J 

n  •  .2$ 

(  12  •  5no  Rf’M) 


.13 

-  1426  RPM) 


TABLE  i‘;.3a  CONTIGURATION  J 


#171)30  A  Hoybr 

OSCILLOGRAPH  RECORD 


Jl  •  Dr«g  Link 
^  -  Cmg  Link 
#3  -  Drt«  Link 


#1  -  lilbd.  FUp 
#2  •  Inbd.  Flap 
#3  -  Inbd.  Flap 


#1  -  Pitch  Link 
#2  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  Mid  Chord 
#1  -  Mid  FUp 
#1  -  Mid  Torsion 
#1  “  Outbd,  Flap 


Model  Attitude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  Roll  Pot. 
Oyro  Pitch  Pot. 


Thrutt 

Dra<i 

Roll  Monent 
Pitch  Moneat 


Lat.  Vibration 
Lon^.  Vibration 
Vert.  Vibration 


231 


O0CILLOOIUP1I  117630 


TABLE  19. 4b  CONFIGURATION  J 


234 


zau  19*  coozauunoM  j 


n  -  1.02 

-  ito.io  Nm 


Di««  Link 
Di«^  Link 
DrM  Link 


#1  .  Infed.  rUp 
^  .  InbJ.  rUp 
#3  .  ibbd.  rup 


#17632  *  #37632 

OSCILlOOtAfH  UCOlO 


1  •  Nld  Chord 
1  -  Mid  FUp 

1  <•  Mid  Torsion 
1  -  Outbd.  Flnp 


Modtl  Attitude 
Collective  Fitch 
#1  -  Cyclic  Pitch 
#2  •  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


Oyro  Roll  Poe. 
Qyro  Pitch  Poe. 


Thruet 

Dre* 

Roll  Momt 
Pitch  Moment 


Ut.  Vlbretlon 
Long.  Vlbretloo 
Vert.  Vlbretloo 


OKILLOCRAPH  #07632 


n  -  1.03 
v„  -  50.39  Wi 

"r 


Di««  Link 
DrM  I>lak 
Drac  Link 


tMU  i9«6a  oovzauunoi  J 


#57633  4  17633 

OXILlOOtAfH  UCOID 


MAX  MIN  AVI  2A 


■3  1.33 

■1»  I.l4 
-5 


Modal  Attitude 
Collactlvc  Pitch 
#1  •  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


Oyro  Roll  Poa. 
Ojrro  Pitch  Poa. 


Thrust 

Drsi« 

Roll  Monant 
Pitch  Monant 


Lat.  Vihratlon 
Long.  Vlhivtlao 
Vart.  Vlbmtloo 


l.**5  1.55 

1.10  i.ao 

l.'»3  1.57 


1.07  1.07 

3.86  3.87 


1.80  1.76  1.78 

1.12  1.12  1.12 

2.96  2.95  2-97 

3.86  3.85  3.86 


ISUCB  DATA  1 

AVI 

2A 

uNin 

eve 

MV. 

.  1)65.0  81.5 

-  507. 1**0.9 


-  8.91 

♦  ID.lU 

♦  9.7 

♦  12.19 

♦  9.20 


♦  342.8 
-  .51 


*  1)03.2 

♦  145.3 


-  96.6 

-  113.6 

-  Ik. 5 


647.2 

332.2 


TABLE  19.6b  CONFIGURATION  J 
n -  1.03 

^Mp  *  50-  39  MPH 


O6ClLLOGRAPll|07r.33 


2 


231 


Hoial  Attltttto 
OollAetlvt  nteh 
A  -  cyclic  Pitch 
M  -  cyclic  Pitch 
#3  •  cyaie  Pitch 


(^yro  Roll  Poo. 
ObTO  Pitch  Poo. 


Thruot 

Itoll  Nob 

mt 

Pitch  No 

BBBI 

Lot.  VtbimticB 
Lost.  VShiotioa 
Port.  TfhxOtiflB 


3.87 

3.86 

3.87 

t.TD 

k.39 

4.55 

A.60 

t.2i» 

4.42 

3.97 

3.68 

3.83 

1 

k.62 

k.k9 

4.66 

3.78 

3.62 

3.70 

I.2l» 

1.21 

1.23 

1.12 

3.88 

3.85 

3.87 

3.02 

2.9i» 

2.98 

1.68 

1.41 

1.54 

1.25 

1.19 

.89 

.76 

m 

ft/ooi 

0 


TABLE  19.  7b  CONFIGURATION  J 
n  ■  .  46 


240 


n  •  l.OO 
V  .  39.  i*!  MIH 

'’f 


#1  .  ishi,  rup 

#2  .  ubd.  rup 

#3  •  xiibd.  rup 


-  Pitch  Llidi 
.  Pitch  tlak 

-  Pitch  Lli* 


Nodal  Attltute 
Collaetlw  Pitch 

fl  •  Cyclic  Pitch 
2  •  Cyclic  Pitch 
3  •  Cyclic  Pitch 


Oyro  Roll  Poa. 
Cgrro  Pitch  Poa. 


Thruat 

Roll  MoBant 
Pitch  MoDant 


Lat.  V^bratloQ 
Long,  ■ Ibratloo 
Vert,  Vlbratloo 


^166-,  4  #J766t) 

OSCILLOGtAPH  UCOtO 


MAX  MIN  AVI  2A 


2.60 

3.0U 

2.41 

2.18 

2.49 

1.66 

3.76 

3.2** 

3.37 

2.99 

1.87 

1.62 

1.50 

1.7- 

1.40 

l.'*3 

2.80 

.4.58 

2.97 

3.22 

2.63 

4.21 

2.92 

2.33 

2.02 

2.77 

4.65 

4.40 

4.20 

2.02 

2.75 

4.29 

4.03 

3.91 

5.37 

<‘.33 

5.12 

4.22 

1.73 

1.28 

4.04 

3.39 

1.71 

1.28 

4.01 

3.3B 

..  ■ 

KEOUCEO  DATA  | 

AVI 

2A 

UNITS 

CYC 

uv. 

-H  1.7**  1.57  1.66 

■16  1.11  .83  .97 

.16  1.10  .81  .96 


ft/aec 

G 


TABL£  COtfflOUlUTION  K 


n  .  .5<.^ 

V„  -  ^>3-51  KFH 

'V 


OSCILLOGRAPH  RECORD 


MAX  MIN  AVE  2A 


REOLXIEO  DATA 

AVE 

— 

2A 

UNITS 

CYC 

REV. 

#1  -  Cra^  Link 
#2  -  Srm;;  Link 
#3  -  Dra<(  Link 


#1  -  labJ.  Flap 
#2  •  InbJ.  FUp 
#3  >  Inbvi.  Flap 


Model  Attitude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  •  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


lyro  Boll  Poe. 
Oyro  Pitch  Poe. 


Thruet 

I>ra.< 

Roll  Moaent 
Pitch  MoBcnt 


Lat.  Vihration 
Looc.  Vibiatioo 
Vert  Vibration 


TABU  Xi.im.  CQHriQUIUTlON  K 


#176ft8  4  #37688 

OSCILLOGIAfH  KKOtO 


MAX  MIN  AVE 


{1  .  UM.  rU9 
2  -  Ubd.  FUp 
#3  .  Ubd.  rup 


1  -  Pitch  Llak 

2  .  Pitch  Uak 

3  -  Pitch  Lii* 


1  •  Hid  Chord 
1  •  Nid  PUp 
1  •  Nid  Torcioa 
1  -  Outbd.  PUp 


Model  Attitude 
Collective  Pitch 
#1  -  Cpcllc  Pitch 
#2  •  Cyclic  Pitch 
#3  *  Cyclic  Pitch 


axro  Roll  Poe. 
9yro  Pitch  Poe. 


Thrust 

Dreg 

Roll  Mob 
Pitch  No 


Ut.  VlhretloQ 
Loog*  VlbretloD 
Vert.  Vlhretloo 


*•  1.75 
6  1.10 
6 


1.78  1.80 

1.26 

3-95  I  3-92  3-9'* 
3.3‘*  3.32  3.33 


1.55  1.65 
.90  1.00 
.00  1.01 


lEOUCEO  DATA 

AVE 

2A 

UNITS 

CYC 

MV. 

-  365.3 

-  312.2 
•  339.0 


♦  **56. 2 
♦  207.6 


-  105.** 

-  100.5 

32.7 


-393^.6 

♦  258.0 
-  257.*» 
♦  71.7 


562.3  In-lb 
290.6  In-lb 


A9**.**  in-lb 
223.6  In-lb 

137.3  In-lb 
213. A  in-lb 


♦  337.0 
.51 


I 


243 


TABLE  20,  3b  CONFIGURATION  K 

n  ■  1.10 

Vm  ■  54.13  MPH 
F 


246 


TABLE  ^0.4b  CONFIGURATION  K 
n  •  1,29 
•  54.38MPH 


241 


XABti:  JO.tja  C0HFI3UUT10M  K 


r.  .  l.il 

V  •  MPH 


#i7<'  4  #  76  • 

OSCILLOGNArH  RECOMO 


{1  •  ZT%fi  Link 
2  -  Drtif  Link 
#3  -  Drv  Link 


#1  -  Idb^l.  Flap 
t2  -  InbJ.  Flap 
#3  -  InbJ.  Flap 


#1  -  Pitch  Link 
#2  -  Pitch  Link 
#3  -  Pitch  Link 


#1  •  Nid  Chord 
#1  •  Mid  Flap 
#1  •  Mid  Toraloa 
#1  -  Outbd.  Flap 


Nodal  Attituda 
Collactiva  Pitch 
#1  -  Cyclic  Pitch 
#s  •  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  Roll  Poa. 
dyro  Pitch  Poa. 


Thrust 

Roll  MoMnt 
Pitch  NoBant 


Lat.  vihratioQ 
Laa«.  Vihmtioa 
Vart.  Vihratica 


MAX  MIN  AVE  2A 


REDUCED  DATA 

AVE 

2A 

UNITS 

CYC 

REV. 

n  -  1.51 


54.69  MPH 


250 


.55 

•  1*^.  .’■»  Mffl 


-  tT*(i  Link 
f2  -  !>m«  Link 
#3  -  Drmtt  Link 


#1  .  Inbi.  Flnp 
#2  -  InbJ.  *■!•? 
#3  -  labd.  Flap 


#1  •  Pitch  Link 
#3  -  Pitch  Link 
#3  -  Pitch  Link 


#1  -  Mid  Chord 
#1  -  Mid  FUp 
#1  -  Mid  Toralno 
#1  -  Outhi.  Flap 


Model  kttltude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


Oyro  HoU  Poa. 
3yro  Pitch  Poe. 


Thruet 

Roll  Mntnt 
Pitch  Moeent 


lat.  Vlh;.«tlaa 
Lo^.  Vlbiatloa 
Vert.  Vlh.'etlon 


#5t<l0  h 

OSCILLOGVAPH  RECOtO 


MAX  MIN  AVE  2A 


REDUCED  DATA 

AVE 

2A 

UNITS 

CYC 

MV. 

-I**  1.73 
-16  1.21 
-16  1.12 


-  3C2.6 

-  365.9 

-  ^?6.5 


♦  636.6 

♦  666. 


ft/ee? 


231 


-  Nld  Chord 

-  Nld  rup 

-  Nld  Torvloa 
•  (hrtbd.  Flap 


Nodal  Attitude 
Collactlva  Pitch 
#1  •  Cyclic  Fitch 
#e  •  cyclic  ritch 
#3  -  Cyclic  ntch 


Qyro  Roll  Poo. 
lyro  Pitch  Poo 


Thruat 

arorf 

Roll  Noaoat 
Pitch  Nonoat 


Lot.  Vlbrotloo 
T/OOg.  Vlbrotloo 
Vert.  Vlbrotloo 


n  •  .59 

V„  -  68.53  MPH 
"r 


#5912  k  fr8l2 

OSCILLOOMm 


^  •  Dims  Dink 
#2  -  Dims  Link 
#3  -  Dims  Link 


#1  -  latod.  rinp 
#e  .  ubd.  rinp 
#3  -  Ubd.  Plnv 


•  Mid  Chord 

•  Mid  PUp 

•  Mid  Tonloa 

•  Oatbd.  Flnp 


Nod«l  Attitude 
Colleetlva  Pitch 
#1  -  Cyclic  Pitch 
|e  •  Qrellc  Pitch 
n  •  Cyclic  Pitch 


Otto  Roll  Poo. 
Oyro  Pitch  Poo. 


Thrust 

Dims 

Roll  NoBont 
Plt^  Mijnwt 


lat.  VlbimtloB 
Lomg.  vlbimtloB 
Vort.  VlbimtloB 


MIN  AVE  2A 


* 

ROMCB)  DATA 

AVf 

2A 

UNITS 

cve 

MV. 

n  •  .6u 
Vb  •  75-3* 

"r 


#5856  k  #|fl58 
OSCIUOGMm 


-  fine  Llak 
•  fine  Link 

-  fine  Uak 


#1  .  Usd.  rup 
#2  -  Ubd.  Flap 
#3  •  Ubd.  Flip 


tl  -  Fitch  LIA 
2  -  Pitch  LWi 
#3  •  Fitch  14^ 


-  Nld  Chord 
•  MU  FUp 

-  Nld  Toroln 

-  Outbd.  Flap 


Hodcl  Attitude 
Collactln  Fitch 
#1  -  Cyclic  Fitch 
#2  •  Cyclic  Fitch 
#3  -  Cyclic  Fitch 


Qyro  Roll  Foe. 
dyro  Fitch  Poa. 


Thruat 

Dra^ 

Roll  Nonot 
Pitch  NoBaat 


Lat.  VihratlOD 
'-oar:.  Vibntioa 
Vert.  VihntiOD 


IfDUCe)  DATA 

AVI 

2A 

UMTS 

CYC 

■fv. 

.29  -3WO  ? 
.76  ♦  217.3 
.05  ♦  70.9 
1.88  *  A5.2 


597.fc  iB-lb 
323.8  is-lb 
59.1  ia-lb 
293. 3  iD-lb 


TABLE  Zl.4b  COl.nGURATION  L 
n  =  ,  60 

*  75,34  MPH 


TABLB  <21- COKFIJURATIOH  L 


.1*7 

.  100.70  mf 


#1  -  Sx«f:  tiak 
^  -  firm.'  tlnk 
#3  -  Draft  Link 


#1  .  1^1.  Flap 
#2  -  InbJ.  Flap 
#3  -  labd.  Flap 


#1  -  Pitch  Link 
#2  -  Pitch  Unk 
#3  -  Pitch  Link 


#1  -  Ntd  Chord 
#1  -  Mid  Flap 
#1  -  Mid  Torsion 
#1  -  Outbd.  Flap 


Model  Attltitde 
CollectlY*  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  .  Cyclic  Pitch 


Qyro  Roll  Poe. 
Oyro  Pitch  Poe. 


Thruat 

Dra« 

Roll  Mcaaent 
Pitch  Nonent 


Lat.  Vibration 
LonR.  Vibration 
Vert.  Vibration 


tabu  <21. 6a  COKTiaiflUTIOM  L 


n  .  1.03 
V  .  52.08  MPH 

"r 


#58f.7  A  ^7 

OSCILLOCaAPH  MCOiD 


#1  -  Crax  Link 
^  -  Orae  Link 
#3  -  Dia«  Link 


#1  -  Plnp 
f?  -  labJ.  Flap 
#3  •  lAbd.  Flap 


#1  -  Pitch  Link 
#e  -  Pitch  LIA 
#3  -  Pitch  U* 


#1  •  NIB  Chord 
#1  -  Mid  Flap 
^  •  Mid  Toraloa 
#1  •  Oathd.  Fla, 


Modal  Attltiida 
Collactlva  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


tlyro  Roll  Poa. 
Oyro  Pitch  Poa. 


Ihruat 

Roll  Kaaant 
Pitch  Manaat 


lat.  Vlbratloo 
'-aoe.»  Vlbratlco 
Vart.  Vlbratlaa 


MIN  AVI  2A 


IBHiCB)  DATA 


-  30**. 7 

-  350.7 

-  229.7 


♦  721.5  3 

♦  763.9  3 


-  33.2 

-  1*8.9 

-  24.5 


-3378.4  391,4 

♦  251.3  183.2 

♦  47.3  TD.9 
.  62.4  218. h 


1.54 

1.54 

0 

•  6.63 

3.12 

3.13 

.01 

♦  6.57 

4.43 

4.74 

.61 

♦  4.90 

4.21 

4.55 

.68 

♦  5.80 

3.99 

.62 

♦  4.10 

-17  1.75  1.73  1. 

-15  1.11  1.11  1. 

•7  3.75  3.74  3. 

-9  3-14  3-14  3. 


1.70  1.50  1.60 
1.13  .93  1.03 
1.16  .62  .89 


*  2.24 

-  2.46 


*  328.2 

.76 


Ml 


•  ^-7.55  MHi 


#1  •  Di««  Link 
^  -  Dr««  Link 
#3  -  Dr«<?  Link 


#1  .  Inbd.  rup 

#2  -  Inbu.  rinp 
#3  -  Inbd.  Flap 


#1  -  Pitch  Link 
^  .  Pitch  Link 
#3  •  Pitch  Link 


tabu  <^1  •  '•  cQRPiauiunoM  l 


#y.u-.  A  #7?66 

OSCILLOGUPH  IfCOtO 


MAX  MIN  AVE  2A 


■1C 

■11 

■12  i.A6 


-6  2.71 
-8  U.U7 
-10  3-00 
-12  3-6‘* 


Nodtl  Attitude 
Collective  Pitch 
#1  •  Cyclic  Pitch 
^  .  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


Oyro  Roll  Poe. 
djrro  Pitch  Poe. 


Thruet 

Dree 

Roll  NOMBt 
Pitch  NoMat 


Ut.  VlhimtlCB 

Lone*  vibiatloa 

Vert.  VlhiatiaB 


KiOUCEO  DATA 

AVI 

— — ^ 

2A 

UNITS 

cve 

IfV. 

-  127.2 

-375.6 
-324.  U 


♦669.14 

♦637.8 


-  30.6 
-  68.1 
-  Ul.9 


-3i»'«.2  TOO.U  In- lb 

♦253.6  326.0  !n-lb 

♦  35.5  82.7  In-lb 

♦  65.5  3‘*7-9  In- lb 


TABLE  21.  7b  CONFIGURATION  L 
n  *  1.01 
"  67.55  MPH 


ObCILLOCKAP 

W/\/ 

tl  17-08 

V 

ps 

||M 

l9>ii 

ml 

m 

B 

Hvi 

g 

264 


n  -  l.Ol* 

V  -  76.U2  MHI 

"f 


#5869  6  #|«69 

OSCILLOOtAfH  IICOID 


Nodal  Attitude 
Collactlva  Pitch 
#1  •  Cyclic  Pitch 
^  -  Cyclic  Pitch 
#3  •  Cyclic  Pitch 


Oyro  Roll  Poa. 
Qyro  Pitch  Poa. 


Thrust 

Drag 

Roll  HoMnt 
Pitch  Monant 


Lat.  Vlhratloo 
Ixiig.  Vlhratloo 
Vart.  Vibration 


-17  1.82 
■15  1.10 
■7  3.72 

-9  3.27 


u  1.76 
6  1.26 
6  1. 3U 


MDUen  DATA 

AVI 

2A 

uNin 

CYC 

MV. 

2.72 
-8  U.73 

-10  3.00 
-12  k.50 


-337. *•  123.7 

-k)7.0  366.5 

-353.2  2»i6.2 


«6A7.2  12<*1.Ii  In- lb 

♦59**.  2  77*».5  in- lb 


-  66. U  57.6 

-  83.8  W.9 

-  52.**  59.** 


-3902  865.2  In- lb 

♦272.6  515.5  In-lb 

♦  23.6  106. V  In-lb 

♦  76.1*  530.*'  iD-lb 


♦3*>5.7 
-  1.02 


fj^ 


0.^;Cit.L0CI<AI>il 


TABLE  CONFICURATION  M 


n  •  . 

MPH 

'’f 

(  0  »  '*(»'  RPM) 

ITfM 


#1  -  Di«k  Link 
-  Dmr  Link 
#3  •  Dnu^  Link 


#1  -  Inbl.  Fla«> 
#2  -  InbJ.  Flnp 
#3  -  Inbd.  Flnp 


#1  -  Pitch  Link 
#2  -  Pitch  Link 
#3  -  Pitch  Link 


#1  •  Mid  Chord 
#1  -  Mid  Flnp 
#1  •  Mid  Toraloa 
#1  -  Outbd.  Flnp 


Model  kttltude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  -  Cyclic  Pitch 


dyro  Roll  Poe. 
3yro  Pitch  Poe. 


Thniet 

Roll  Monent 
Pitch  Monent 


Lnt.  Vlhretlon 
Locv;.  VlhMtlOB 
Vert.  Vlbretlon 


»  k  #796' J 

OSCILLOGIAPH  KECOtO 


MAX 

MIN 

AVI 

3.9C 

3. '*8 

3.60 

2.8'> 

2.50 

2.7'* 

3.21 

2.67 

2.>>L 

'*.36 

3.3'* 

3.86 

U.iB 

3.12 

3.65 

.^•32 

2.27 

3  .  30 

2.00 

2.00 

2.00 

1.81 

1.7i 

1.78 

IIOUCEO  DATA 


CYC 

AVI  2A  UNITS  MV. 


-21U.7 

-?)7.7 

-23‘‘.'* 


I 


.^2 

-  82.63  KPH 


TAWX  22.3* 


#>901  4  #r901 

OSCILLOG«A#H  UCOiD 


X^.  iU9 
Xabd.  rup 
ZaM.  nap 


Pltck  Liak 
Pitch  Uak 
Pitch  Uak 


Hid  Cteid 
Nld  Plap 
N14  Toraloa 
Oathd.  Plap 


Modal  Attitude 
Collactlva  Pitch 

fl  •  CJrclle  Pitch 
i  -  QreUc  Pitch 
3  -  Cyclic  Pitch 


Olyro  Roll  Poa* 
(^yro  Pitch  Poa< 


fhruat 

Dl«« 
RoU  H 

Plt<*  I 


Lot.  Vlbratlan 
Loag*  VlbrntloB 
Vart.  VlbrntldB 


MIN  AVI  U 


UDUCB)  DATA 

— 

AVI 

2A 

UNITS 

CYC 

IIV. 

TABLE  22.3b  CONFIGURATION  M 
n  •  .52 

VMf  -  82.63  MPH 


OSCll.LOGRAPtl 


OSClLLCriKAPii  r7y»l 


r!.y 

ITEM 


#1  Dm«  Link 
^  •  Dn«  Link 


#2  •  Dn«  Link 

#3  ~  I<lak 


#1  .  lalx).  rinp 
^  .  inbJ.  rUp 
#3  .  Ubd.  ritp 


Nld  Chord 
Mid  rup 
Mid  ToraloQ 
OttthJ.  fl.-> 


Oyro  Roll  Po«. 
Oyro  Pitch  Po«, 


Thnut 

Roll  Motaent 
Pitch  Mcnent 


Lit.  Vlbmtlon 
Lon*.-,.  Vibration 
Vert.  Vibration 


&  #7'» 

OSCILLOGIAfH  lECdO 


Model  Attitude 
Collective  Pitch 
#1  -  Cyclic  Pitch 
#2  -  Cyclic  Pitch 
#3  ~  Cyclic  Pitch 


MIN  AVE  2A 


^.Uk 

2.70 

2.77 

2.79 

2.31 

2.  35 

'••53 

U.08 

3.03 

3.0U 

2.1*0 

2.13 

1-93 

2.22 

1-92 

1.7D 

2.50 

'*.U3 

2.96 

3-65 

2.23 

3.21 

2.89 

1-73 

2.05 

2.09 

l*,U5 

‘•.39 

3-07 

2.05 

2.07 

>*.27 

'*.13 

3.63 

5.62 

u.ue 

5.09 

'*.23 

.88 

'*.05 

^.69 

3-07 

.7'* 

3.09 

V66 

3.0'’ 

1 

1.83 

1.  3b 
1.26 

1 .50 
.8-< 
.55 

lEDUCEO  DATA 

AVI 

2A 

UNITS 

CYC 

IfV. 

-273-0  66.^ 

-  322 . 6  U2.2 

-275.1  ‘•^,.0 


♦572.9  1591.5  In-lb 

♦  59^.2  1103.1*  !n-lb 


♦  5.21* 
-1.75 

♦  14.0 


■356'*. *•  556.2  !n-lb 

♦'*2.6  519.7  !n-lb 

-2'*8.2  82.7  !n-lb 

♦71.8  299.5  in-lb 


-3.02 

♦  .5'* 

♦  .56 
♦2.52 

♦  .  U6 


.89 

1 . 18  n/tec 

1.78 


OSCILLOGRAPH  «5902 


OSCILLfXJRAPH  ^700J 


c  > 


TABU  comauuTzoa  m 


.U6 

•  Kn 


ITEM 


#5903  A  fr903 

OSCILLOGtAfH  UCOlO 


m. 

No. I 


MIN 


AVE 


2A 


UDUCED  DATA 


AVC  2A 


UNITS 


CVC 

IfV. 


Div  l<lak 
DrM  I>lak 
DiOff  Liak 


1-3 

1-V 

1-5 


3<^ 

2.62 

2.7** 


2-73 

2.19 

2-30 


3-09 

2.li0 

2.52 


•73 
■  '•3 
.kU 


-27b. 0 
-33'‘.5 
-279.'* 


71..6 

'.6.5 

“7.1 


lb 

lb 

lb 


laM.  Flop 
labd.  Flap 
ZAbd.  Flap 


(l-io 

b-11 
12 


U.1.6 

3-96 


3-07 

3.06 


3-76 

3-51 


1-39 

.90 


♦551.7 

♦5'*1.1 


h7‘*.8 
951*. 9 


!n-lb 

!n-lb 


Fitch  Link 
Fitch  Llak 
Fitch  Llak 


131 
lU 
11-15 


2.39 

2.12 

1.9'* 


2.1« 

1  .0 

1.68 


2.29 

2.02 

1.81 


.21 

.23 

.26 


♦1.75 

0 

♦  12.2 


36.7 

•0.2 


lb 

lb 

lb 


•  Nld  Chord 
Si  -  Nld  Flap 
Si  •  Nld  ToraloD 
Si  -  Oatbd.  Flap 


ID 

P-121 


2.1*9 
'  50 
.  98 
,.82 


2.19 

3-62 

2.89 

1.*.8 


2.3** 

•*.06 

2.9** 

2.65 


•  30 
.88 
■09 
2.3** 


■36**6.2 
♦IIU.8 
-236. •* 


618.0 
37**. 9 
106. •» 
365.0** 


!n-lb 

!n-lb 

!D-lb 

!n-lb 


Motel  Attltute 
Collactlvt  Fitch 
#1  -  Cyclic  Fitch 
•  Cyclic  Fitch 
#3  ~  Cyclic  Fitch 


J-11 
M3 
L-7 
L-8 
9 


1.97 

2.32 

U.59 

**.53 

•*.00 


1-97 
2.30 
I*. 26 

**•13 

3.6k 


1- 97 

2- 31 
It. *.3 

**•33 

3.82 


0 

.02 
•  31 
.•o 
36 


-3.55 
♦1.66 
-  .Ik 
♦  3.*iO 
♦1.52 


teg 

«»*g 

teg 


Oyro  Roll  Foa. 
Qyro  Fitch  Foa. 


3 
iP-5 


5.8k 

k.kO 


5.19 

k.lO 


5.52 

k.25 


.65 
•  30 


♦1.35 

-2.88 


<>•€ 

teg 


Thruat 

Drag 

Boll  Nonant 
Fitch  NoMat 


B-17 

|-15 

P-7 

-9 


.88 

**■31 

3.71 

3.06 


.72 

k.l8 

3.67 

305 


.80 

k.25 

3-69 

3.06 


.16 
•  13 

.Ok 

'  1 


137.7 

♦7k.  k 


lb 

lb 

lb 

lb 


Ut.  Vlbratloo 
Long.  VlbiatloD 
Vart.  vibmtloD 


P-lk 
16 
16 


1.93 

l/t 


l.kl 

.80 

•  38 


1.67 

1.09 

1.01 


.52 

.50 

l.k6 


l.kO 

l.k5 

3-65 


275 


TABLE  ii.Sb  CONFIGURATION  M 

n  •  ,46 

■  ^04. 4i  MPH 
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DISTRIBUTION 


U.  S.  Army  Materiel  Command  4 

U.  S.  Army  Mobility  Command  Z 

U.  S.  Army  Aviation  Materiel  Command  I 

Chief  of  R&D,  D/A  1 

U.  S.  Army  Transportation  Research  Command  40 

U.  S.  Army  Research  and  Development  Group  (Europe)  5 

U.  S,  Army  Engineer  Research  and  Development 

Laboratories  2 

Army  Research  Office-Durham  1 

U.  S.  Army  Test  and  Evaluation  Command  1 

U.  S.  Army  Combat  Developments  Command  I 

U.  S.  Army  Combat  Developments  Command 

Aviation  Ag  ency  1 

U.  S.  Army  Combat  Developments  Command 

Transportation  Agency  1 

U.  S.  Army  War  College  1 

U.  S.  Army  Command  and  General  Staff  College  I 

U.  S.  Army  Transportation  School  1 

U.  S.  Army  Aviation  School  1 

U.  S.  Army  Transportation  Center  and  Fort  Eustis  1 

U.  S.  Army  Aviation  Test  Board  1 

U.  S.  Army  Aviation  Test  Activity  2 

U.  S.  Army  Transportation  Engineering  Agency  1 

Air  Force  Systems  Command.  Wright-Patterson  AFB  2 

Air  Force  Flight  Test  Center,  Edwards  AFB  2 

Air  Proving  Ground  Center,  Eglin  AFB  1 

Air  University  Library,  Maxwell  AFB  1 

Bureau  of  Naval  Weapons  2 

U.  S.  Naval  Postgraduate  School  1 

Naval  Air  Test  Center  I 

David  Taylor  Model  Basin  1 

Hq,  U.  S.  Coast  Guard  1 

Ames  Research  Center,  NASA  2 

NASA-LRC,  Langley  Station  2 

NASA  Representative,  Scientific  and  Technical 

Information  Facility  2 

Research  Analysis  Corporation  1 

National  Aviation  Facilities  Experimental  Center  1 

U.  S.  Army  Standardization  Group,  Canada  2 

Canadian  Liaison  Officer, 

U.  S.  Army  Transportation  School  1 
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British  Army  Staff,  British  Embassy  1 

U.  S.  Army  Standardization  Group,  U.  K.  1 

Defense  Documentation  Center  10 

U.  S.  Government  Printing  Office  1 
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Lockheed -California  Company,  i, 

Burbank,  California,  Report  No, 

LR  17013,  March  1964,  284  pp. 
(Contract  DA  44- 1 77-TC-828) 
USATRECOM  Ta sk  ID  12 140 1 A 1 4302 

Unclassified  Report  2, 

An  analytical  and  experimental 
investigation  of  a  10-foot  diameter 
dynamic  model  rigid  rotor  helicopter 
was  conducted  with  the  cooperation 
of  the  NASA  Langley  Research 
Center  by  the  Lockheed-California 
Company  from  April  1962  through 
June  1963,  Seven  rotor 

(over) 

Lockheed-California  Company,  1, 

Burbank,  California,  Report  No, 

LR  17013,  March  1964,  284  pp. 
(Contract  DA  44- !  77-TC-828) 
USATRECOM  Task  ID121401A  14302 

Unclassified  Report  ^ 

An  analytical  and  experimental 
investigation  of  a  10-foot  diameter 
dynamic  model  rigid  rotor  helicopter 
was  conducted  with  the  cooperation 
of  the  NASA  Langley  Research 
Center  by  the  Lockheed-California 
Company  from  Aj)ril  1962  through 
June  1963.  Seven  rotor 
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Lockheed-California  Company, 
Burbank,  California,  Report  No. 

LR  17013,  March  19b4,  284  pp. 
(Contract  DA  44-177-TC-828) 
USATRECOM  Task  ID  1  2  1 40  ' /i  14302 

Unclassified  Report 

An  analytical  and  experimental 
investigatic  i  of  i  10-foot  diameter 
dynamic  model  rigid  rotor  helicopte 
was  conducted  witli  tlie  cooperation 
of  the  N/\SA  Langley  Research 
Center  by  the  Lockheed-California 
Company  from  April  19b2  through 
June  1963,  Seven  rotor 

(over) 

Lockheed-California  Company, 
Burbank,  California,  Refiort  No, 

LR  17013,  March  19o4,  284  pp. 
(Contract  DA  44-1  ^7-TC-H2H) 
USATRECOM  Task  ID  1  2  1  40  1 A  1  4 302 

Unci:  isified  Report 

An  analytical  and  experimental 
investigation  of  a  10-foot  diameter 
dynamic  model  rigid  rotor  helicopte 
was  conducted  with  the  cooperation 
of  the  NASA  Langley  Research 
Center  by  the  Lockheed-California 
Company  from  April  19o2  through 
June  1963,  Seven  rotor 

(over) 
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configurations  were  tested  in  the  NASA  Langley  Full 
Scale  Tunnel  and  two  of  these  were  tested  to  higher 
speeds  and  full  scale  Reynolds  number  and  Mach  number 
utilizing  Freon-lZ  in  the  NASA  Langley  Transonic 
Dynamics  Tunnel.  A  principal  focus  of  the  program  was 
the  decoupled  or  "matched  blade"  type  of  rigid  rotor.  In 
a  "matched  blade"  the  in-plane  bending  stiffness  is  equal 
to  the  vertical  bending  stiffness.  It  w.ts  demonstrated  to 
simulated  air  speed?  of  240  mph  that  this  type  of  rotor  is 
stable  witii  extremely  small  values  of  control  gyro 
inertia. 


configurations  were  tested  in  the  NASA  Langley  Full 
Scale  Tunnel  and  two  of  these  were  tested  to  higher 
speeds  and  full  scale  Reynolds  number  and  Mach  number 
utilizing  Freon-12  in  the  NASA  Langley  Transonic 
Dynamics  Tunnel.  A  principal  focus  of  th<'  program  was 
the  decoupled  or  "matched  blade"  type  of  rigid  rotor.  In 
a  "matched  blade"  the  in-plane  bending  stiffness  is  equal 
to  the  vertical  bending  stiffness.  It  was  demonstrated  to 
simulated  air  speeds  of  240  mph  that  this  type  of  rotor  is 
stable  with  extremely  small  values  of  control  gyro 
inertia. 


configurations  were  tested  in  the  NASA  Langley  Full 
Scale  Tunnel  and  two  of  these  were  tested  to  higher 
speeds  and  full  scale  Reynolds  number  and  Mach  number 
utilizing  Freon-12  in  the  NASA  Langley  Transonic 
Dynamics  Tunnel.  A  principal  focus  of  th*'  program  was 
the  decoupled  or  "matched  blade"  ty'pc  of  rigid  rotor.  In 
a  "matched  blade"  the  in-plane  bending  stiffness  is  equal 
to  the  vertical  bending  stiffness.  It  was  demonstrated  to 
simulated  air  speeds  of  240  mph  that  this  type  of  rotor 
is  stable  with  extremely  small  values  of  control  gyro 
inertia. 


configurations  were  tested  in  the  NASA  Langley  Full 
Scale  Tunnel  and  two  of  these  were  tested  to  higher 
speeds  and  full  scale  Reynolds  number  and  Mach  number 
utilizing  Freon- 12  in  the  NASA  Langley  Transonic 
Dynamics  Tunnel,  A  principal  focus  of  tfie  program  was 
the  decoupled  or  "matched  blade"  type  of  rigid  rotor. 

In  a  "matched  blade"  the  in-plane  bending  stiffness  is 
equal  to  the  vertical  bending  stiffness.  It  was 
demonstrated  to  simulated  air  speeds  of  240  mph  that 
this  type  of  rotor  is  stable  with  extremely  smal!  values 
of  control  gyro  inertia. 


